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SOME EPIDEMIOLOGICAL ASPECTS OF ACUTE RHEUMATISM 


BY 


DAVID HEWITT and ALICE STEWART 
Institute of Social Medicine, Oxford 


INTRODUCTION 


In the autumn of 1947, the notification of acute 
rheumatism became compulsory in the County 
Boroughs of Sheffield, Bristol, Grimsby, and 
Lincoln, and the Administrative County of Lincoln- 
shire (Parts of Lindsey), thus providing opportunity 
for a fresh attack on some neglected problems of 
the disease. The Rheumatic Fever Committee of 
the Royal College of Physicians decided to exploit 
this opportunity by setting on foot a special study 
of the notified cases. The study dealt with the 
social background of the Gisease in general and 
was closely modelled on the Medical Research 
Council investigation of 1927. The present paper 
is an abridged version of a report prepared for the 
Rheumatic Fever Committee of the Royal College 
of Physicians, but the responsibility for the form of 
analysis and for the conclusions drawn rests entirely 
with the authors. 

In the regulation introducing notification (S.R. 
and O., No. 1828) acute rheumatism was defined as 
the following conditions occurring separately or 
together in a person under the age of 16 years: 

(a) rheumatic pains or arthritis accompanied by a 

rise in temperature, 

(b) rheumatic chorea, 

(c) rheumatic carditis, 

(d) valvular disease of the heart of rheumatic origin. 


After formal notification, the diagnosis was either 
confirmed or rejected by one of three consultants 
who had previously agreed on common standards. 
The children were usually seen by the consultant 
within 3 months of notification, but in rural areas, 
where it was more difficult to make appointments, 
a final diagnosis might be delayed for more than 
a year. For each case a schedule describing home 
conditions, relatives, income, etc., was completed 
jointly by a health visitor and a sanitary inspector. 
In Sheffield, similar schedules were completed for a 
group of 471 non-rheumatic children between 5 and 
14 who were attending day schools in the city during 
1948 and whose birthdays fell on two selected days 
of the year. Since no control records could be 
Prepared in Bristol or in Lindsey, epidemiological 
questions which do not necessitate the use of 
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control material will be dealt with in Part I of the 
present report (all areas), and Part II will relate 
only to cases and controls in Sheffield. 


PART I 


A. REGIONAL INCIDENCE.—The records of 593 
notified cases, 566 of which had been confirmed by 
a consultant, were sent to the Institute of Social 
Medicine, Oxford, between August and December, 
1951. These relate to children notified during 
the first 3} years of the scheme (i.e. October, 1947, 
to December, 1950, inclusive). They include cases 

(i) notified at the time of an initial attack, 

(ii) notified at the time of a second, third, or fourth 

attack, 

(iii) found to be suffering from heart lesions but with 

no definite history of acute rheumatism, 

(iv) still awaiting final diagnosis (here assumed to be 

initial attacks). 

A valid estimate of the current incidence of rheuma- 
tism should be based not on the total number of 
cases notified but on the number described as 
initial attacks. The estimated incidence can be 
further improved by the exclusion of cases belonging 
to 1947, the incomplete year of notification, and 
of the small number of cases falling outside the 
age group 5 to 14. This reduces the total number 
of cases to 381. Since these occurred in a population 
of 185,000 (Registrar General, 1949) they represent 
an annual notification rate of 69 per 100,000. 

If the notification areas, taken together, are 
representative of England and Wales, and if notifica- 
tion was complete, it follows that in the country 
as a whole, about 3,900 children between the ages 
of 5 and 14 develop acute rheumatism each year. 
This implies that there is, in this age group, one 
case of acute rheumatism to every twelve notified 
cases of scarlet fever. This ratio will be too low 
if the rheumatic notification (as compared with the 
scarlet fever notification) was incomplete, if screen- 
ing was too strict, or if rheumatic fever was rarer in 
the notification areas than in the country as a whole. 
If, however, the rheumatic notifications were com- 
plete and the notification areas as a whole had an 
exceptionally heavy incidence of rheumatic fever, 
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the ratio will be too high. Between the areas there 
appears to have been a range of variation fully as 
large as one would have expected to find in the 
country as a whole. This is illustrated in Table I. 


TABLE [| 


ESTIMATED ANNUAL INCIDENCE 
OF ACUTE RHEUMATISM IN FOUR AREAS 











No. of New Population Approx. Notification 
Cases Aged Annual Rate as a 
Area Notified 5-14 Notification) Percentage 
aged 5-14 in Rate per of that for 
1948-50 Dec. 1947 100,000 All Areas 
Sheffield C.B. 184 68,293 90 130 
Bristol C.B. 105 54,362 64 93 
Grimsby and 
Lincoln 41 21,918 62 90 
Remainder of 
Lindsey A.C. 51° 40,808 42 61 
All Areas 381* 185,381 69 100 





* A small number of cases in this total may eventually be classified 
as non-rheumatic, or as secondary attacks. 

According to the estimates in this table the 
notification rate in the industrial city of Sheffield 
was between 2 and 3 times as high as in Lincolnshire 
(Parts of Lindsey) which is the most rural of the 
areas distinguished in Table I. Twenty years ago 
Bristol was said to have between 3} and 6 times as 
much rheumatic heart disease as the surrounding 
country (Savage, 1931). To-day it seems to have 
about 14 times as much acute rheumatism—with 
or without heart involvement—as the more rural 
parts of Lindsey, about the same amount as the 
County Boroughs of Grimsby and Lincoln, and 
less than Sheffield. Though the years 1948-50 
may not be representative of the usual state of 
affairs, the apparent variation between the areas 
is so marked that it has been thought worth while 
to draw attention to the following points: 


(a) The variation exhibits the polarity usually found 
in infectious diseases, with the highest risk in the 
most densely populated area and the lowest risk 
in the most dispersed community. 


(b) The cases in Sheffield appear to have been not only 
more numerous, but also more severe. 














A. With heart involvement... a = es 350 
+ active heart st == a A 26 
Chorea { + quiescent heart .. Pe a = 5 
( joints ) 
Rheumatic < muscles > + active heart = og 244 
nil) 
-.f joints \ , aa ; 
Rheumatic ‘muscles f quiescent heart .. ne 4 
Quiescent heart only .. moa mee a re | 71 
B. Without heart involvement .. as “ se J 216 
Chorea only oP 56 ae 4 ep a 62 


Rheumatic joints only \ 
Rheumatic muscles only f{ | 
Chorea + polyarthritis = os ats ne l 





The actual diagnoses are listed above (27 cases are 
omitted because no final diagnosis was available), 
As a standard of severity we have used the presence 
or absence of heart disease. 

The percentage of cases from the three areas 
which fell into Group A is shown in Table II. 


TABLE II 


INCIDENCE (PER CENT.) OF HEART 
IN THREE AREAS 


INVOLVEMENT 





Interval between Onset and 




















Area Examination (months) Total 
up to 

Under 1 1 to 3 3 to 12 | 12 months 
Sheffield .. em oa 57-4 66 *3 69 -0 63-3 
(65) (83) (29) (180) 
Bristol .. ) a 46-0 50:0 |) ( 47 3 
(63) (24) | | (93) 

> 23 8 < |——_____ 

Lincolnshire: | (21) | 

(Grimsby, Lincoln, and 40-7 31-0 | | 31-0 
Lindsey) on i (27) (29) J t (71) 





Significance Test of 


Observed Differences P> -20;P< 01' P< O01; P ‘01 





Numbers at risk are shown in brackets. 

Children who had more than one attack, and the few children whose 
attack preceded the examination by more than one year, are excluded 
from this Table. 


When Table II is compared with Table I it can 
be seen that variation in the incidence of acute 
rheumatism is paralleled by a similar variation in 
the risk of progressing to heart disease. Thus, if 
Table I is taken to indicate that the risk of acute 
rheumatism is more than twice as great in Sheffield 
as in Parts of Lindsey, then the two Tables together 
must be interpreted as meaning that the risk of 
rheumatic heart disease is roughly four times as 
great. The parallelism between Table I and Table II 
suggests that the factors responsible for determining 
the risk of an initial attack may also be responsible 
for determining the risk of heart involvement in 
persons who have fallen ill. If this interpretation is 
correct, the figures in Table I may be regarded as 
evidence of regional variation in the risk of “‘thresh- 
hold” infection, and those in Table II as evidence of 
a similar variation in the risk of massive or repeated 
infection. 


B. Sex INCIDENCE.—Boys constituted 50-9 per 
cent. of the population at risk and only 46-4 per cent. 
of the cases, but the apparent excess of girls among 
the cases is not statistically significant. The classi- 
fication into cases with and cases without heart 
involvement did not reveal any sex difference, but 
girls with chorea numbered 64 as against only 
28 boys, a difference which is highly significant. 
The liability of girls to chorea appears to be more 
than twice as great as that of boys, and substantially 
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the whole of the excess of girls is due to the 
difference in this diagnostic group (Table III). 


TABLE III 
FREQUENCY OF VARIOUS DIAGNOSES IN THE TWO SEXES 





| 
| Boys Girls 





























Final Diagnoses 
Including Mention of Chorea: 
With active heart ee 7 “ai a 8 18 
With quiescent heart San = re - 0 5 
Chorea only a ne a on ‘i 20 41 
Total - aia Pe she oe ee 28 64 
Not mt inc luding Mention of Chorea: 
{ joints with active heart .. 118 127 
Rheumatic < muscles with quiescent heart 3 1 
nil without heart disease 80 73 
Quiescent heart only s iy os ee 37 34 
Rheumatoid polyarthritis | ap <é a 0 1 
Total a im Pa a - és 238 236 
Total Confirmed Diagnoses is eis bg 266 300 
Unconfirmed Cases oe 7 rv <i 9 18 
Total Notified Cases <a <m oe - 275 318 





Except in the case of chorea, there appeared to 
be no sex difference in respect of the age at which 
children contracted acute rheumatism. But among 
the choreic cases only six boys (21 per cent.) were 
over the age of 11, as against thirty girls (47 per cent.). 
Thus, the excess of chorea in girls is largely due to 
cases occurring at a relatively late age. 


C. SEASONAL INCIDENCE.—Table IV _ shows the 
frequency of first and subsequent attacks of acute 
rheumatism according to the calendar month of 
onset. In order to make the monthly totals com- 
parable with one another, cases belonging to the 
last 3 months of 1947 and to all earlier periods have 
been excluded. The following cases are also 
excluded: 
(i) those stated to be of “insidious onset”’; 
(ii) those with the diagnosis “‘quiescent heart only” 
where no acute illness had been reported; 
(iii) attacks intermediate between the first and the 
last to be reported. 
Thus, a child may be included in both columns, but 
not more than once in either. 


TABLE IV 


FREQUENCY OF NEW AND OF SECONDARY ATTACKS 
OF ACUTE RHEUMATISM BY MONTH OF ONSET, 1948-50 


| 








Month New Cases Secondary Cases 
January 44 15 
February 33 10 
March .. 25 | 14 
April Fe | 9 
May .. oi eo 19 5 
Ge oe > ee | 30 4 
July .. wt we 10 7 
August. sin i 7 6 
September .. ae 16 4 
October ai = 23 4 
November - a 21 5 
December re - 25 6 





The peak incidence of first attacks is in the winter 
months of January and February. This is followed 
by a slow decline to a minimum in August and a 
rapid rise in the autumn, but the figure for June 
is the third highest of the twelve and is out of line 
with the downward trend from winter to summer. 
The rise between December and January is also 
unexpectedly large. 

The monthly distribution of recurrences also has 
its peak in the winter, but these are spread more 
evenly over the year as a whole than are the new 
cases. The several notification areas showed only 
minor and insignificant differences in the seasonal 
pattern. 


D. PossinLE IMPORTANCE OF THE SCHOOL IN THE 
SPREAD OF RHEUMATIC FeveR.—Bradley (1932) has 
described an epidemic of rheumatic fever at a 
boarding school. If school epidemics do occur, 
compulsory notification should bring them to 
light, but the records so far available do not contain 
data suitable for investigation of the possible 
importance of the school as a factor in incidence. 

Two findings, however, are suggestive: 

(i) Age at First Onset—In Table V all the 
cases are arranged according to age at the first onset 
of rheumatism, so far as this could be judged from 
the records. 


TABLE V 


AGES OF 593 CHILDREN AT FIRST ONSET 
OF RHEUMATISM 





Cases per Year of Life 











Age (years) Number of Cases 
0 to 4 30 6 
5 43 43 
6 to 14 508 56 
15 12 12 
Total 0 to 15 - 593 37 





This Table shows that many children had their 
first experience of rheumatism between their fifth 
and sixth birthdays; far more, in fact, during 
this one year of life than during the whole of the 
first five years. Since this is also the age at which 
children first go to school, there is evidently a 
coincidence which deserves further investigation. 

(ii) Annual Cycle.—There is a fair correspon- 
dence between the school year, September to July, 
and the annual cycle of new cases. The one month 
which is a complete holiday for all schools is August, 
and this is the month with the fewest new cases of 
rheumatism. The two sharpest increases are in 
September and in January, and these may correspond 
to the re-assembly of children for the autumn and 
spring terms. 
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ParRT II 


A. SOCIAL AND ENVIRONMENTAL  FActTors.—It 
is known that rheumatic fever is associated with 
“the complex of adverse circumstances which accom- 
pany poverty” (Ryle, 1946), yet according to the 
most recent mortality statistics, men in the well-to-do 
sections of the community are slightly more liable 
to die of rheumatic fever than their poorer neigh- 
bours (Registrar-General, 1931). Miller (1942) also 
expressed the belief that rheumatic fever is “‘more 
rife in the upper and middle classes of the poor 
than in the very poorest”. It was therefore of 
prime interest to know how the social setting of the 
cases and controls in Sheffield compared. 

The 793 Sheffield children were divided, on the 
basis of their fathers’ occupations, into the five 
social classes used by the Registrar-General. A 
comparison of the proportion of cases and of controls 
which fell into each group revealed an excess of 
cases at the lower end of the social scale, and since 
the differences between cases and controls were 
significant (P < 0-01), the degree to which risk of 
rheumatism varied was estimated by calculating 
the ratio of actual to expected cases in four social 
groups. The resulting morbidity ratios are shown in 
Table VI, Col. A. Cols B and C show the social class 
mortality ratios given by the Registrar-General 
(1938). 

TABLE VI 


ESTIMATES OF FREQUENCY OF ACUTE RHEUMATISM 
IN VARIOUS SOCIAL CLASSES 





A B Cc 





Morbidity Ratio Mortality Ratio: 1930-32 














Social in Sheffield in Persons aged 20 to 35 
Class Children 
1947-50 Males Married Women 
landit | P ae 104 aa 7 
Ill 89 101 102 
IV 125 104 105 
Vv 147 86 102 
All 100 100 100 





The Sheffield ratios show that rheumatic fever 
in childhood may be three times as common among 
the children of unskilled workers as among those 
of the professional and administrative classes. It 
is therefore pertinent to discover whether any of the 
“adverse circumstances” listed in the schedules 
can be incriminated. 

In addition to father’s occupation, twenty 
independent items of information relating to the 
social, environmental, and financial situation of the 
children were extracted from the records. These 
included total weekly income and weekly rent. It 
was to be expected that the families of cases, being 
more often of a lower social class, would have 


considerably less money than the controls, but in 
fact the differences between cases and controls in 
respect of family income were trivial. Nor did 
there prove to be any tendency for the rheumatic 
families to overspend on rent, either absolutely or 
relative to income. 

No information concerning diet or money spent 
on food was available, but an index of the oppor- 
tunity to obtain a good diet was obtained by dividing 
the amount of money left after payment of rent by 
the number of people to be fed. The percentages 
of case and control families which fell into three 
ranges of this index are shown in Table VII. 


TABLE VII 
INCOME AVAILABLE PER HEAD AFTER PAYMENT 
OF RENT 





Amount per Head 
Available per Week 


Percentage of Families in Range 














Cases \ Controls 
Up to 17s. Id. 22-9 14-9 
18s. to 32s. Id. 57 -0 56-8 
33s. and over 20°1 28 -3 
All Ranges 100 -0 100 -0 





The difference between the distribution of case 
and control families in Table VII is highly significant: 
Pl 77.4, => 10-44]<0-01. Yet it is not of great magni- 
tude, for the average amount of money available 
per head in the families of cases is about 94 per cent. 
of that available in the control families. There is, 
moreover, a fundamental objection to interpreting 
Table VII as evidence that lack of money has a 
direct bearing on the risk of acute rheumatism, for, 
under cover of the standardization for family size, 
another factor having no essential connexion with 
poverty has crept in. This factor is family size itself, 
long recognized as important in all diseases where 
infection can be involved. It has, in fact, to be 
allowed that the apparent association between low 
income per head and risk of rheumatism may be 
due to a third factor associated with family size 
rather than to the low income per se. 

Before leaving the general topic of financial 
opportunity, reference should be made to two 
loosely related items of information on the schedules, 
namely, the fathers’ experience of unemployment 
and the proportion of mothers working outside the 
home. The fathers of cases and of controls did not 
differ in their experience of long-term unemploy- 
ment, but there was a significant excess of men who 
had been out of work for short periods among the 
fathers of rheumatic children. Since such sporadic 
unemployment is part of the normal lot of unskilled 
workers and does not involve serious loss of earnings, 
it is unlikely to be relevant to the incidence of 
rheumatism among his dependents. 
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The mothers were divided into three occupational 
groups: housewives, and part-time and full-time 
workers. Employment outside the home (particularly 
full-time employment) was significantly commoner 
among the mothers of rheumatic patients than of 
control children. The economic importance of 
this finding is not clear, for although a mother’s 
going out to work may be symptomatic of a lack of 
money, it must, in itself, cause an appreciable 
addition to the family income. 

Fourteen items of information concerning the 
situation and standard of housing were transcribed 
from the records and are summarized in Table VIII. 
The first two lines show that the households of 
cases had an excess of persons and a deficiency of 
rooms, and that in both these respects the cases 
differ significantly from the controls. That is to say, 
the distribution of rheumatism in Sheffield exhibits 
a feature which ought to be expected in the case of an 
infective but not necessarily in the case of a non- 
infective disease. There was also more statutory 
overcrowding in the homes of the cases, but this 
criterion of crowding failed to establish any signi- 
ficant difference between the two groups. In 
Table VIII the items ‘‘occupants’” and “rooms” 
have been cited separately rather than in the form 
of a density ratio, because it seemed useful to 
distinguish two elements of density which may be 
of importance. These are: 


(i) enforced proximity to other persons in the same 
household, increasing the risk, if there is already 
a source of infection in the house, of passing 
infection from person to person; 

(ii) increased risk that infection will be brought into 
the house. 


In large households there is also a greater risk that a 
member who escapes in the “‘first generation” of infection 
will succumb later. Members of large households also 
run a greater risk of receiving a second dose of infection 
during some critical period of their own illness or con- 
valescence. This may be of considerable importance in 
determining whether or not a_ streptococcal illness 
develops into rheumatic fever. 

With regard to the question of proximity, it must be 
doubted whether the lack of a sixth or seventh room im- 
poses upon the members of a family any degree of 
intimacy which they would otherwise avoid. Yet it is 
only the houses of six or more rooms which are deficient 
in the sample of cases. On the other hand, the addition 
of a sixth or seventh member to the family—i.e. a fifth 
or sixth other member—must be held to constitute an 
appreciable added risk of having an infective person in 
the house. It therefore seems reasonable to infer that 
the association between rheumatism and number of 
occupants is a direct one; whilst the other element in 
density—number of rooms—may owe its association 
with rheumatism to the intermediate factor of economic 
status. The observation that in the case families there 
were more mothers who went out to work may also be 
related to risk of infection, for such mothers are more 
likely to bring infection home than are housewives. 


TABLE VIII 
COMPARISON OF HOME CIRCUMSTANCES OF CASES AND CONTROLS 





Difference between Cases and Controls 





Item Rating 
Occupants Number of persons in household 
Rooms Number of rooms used by household 


Proximity to Watercourse Distance in yards or miles 


Overcrowding Yes/No 
Occupants of Child’s Bedroom Number of persons 
Altitude of House Feet above sea level 
Yes/No 


Good/Fair/Poor 


Whether Condemned 


Degree of Cleanliness 


Type of House Detached, semi-detached, 


‘“‘pre-fab.”, court, back-to-back, | 


other 


Whether Concreted Yes/No 


Damp None/Floor/Walls and ceiling 
Light Good/Fair/Poor 
Ventilation Good/Fair/Poor 


Structure Good/Fair/Poor 


Significant: larger proportion of cases living in households 
of six or more members 

Significant: smaller proportion of cases in households with 
six Or more rooms 

“Significant’”’ but haphazard: most important difference being 
an excess of cases at distances exceeding 1,500 yards 


Not significant: overcrowding slightly commoner among 
cases . 
Not significant: slightly more occupants in bedrooms of cases 


Not significant: slightly more cases living at lower altitude 


Not significant: slightly higher proportion of cases’ houses 
condemned : 

Not significant: slightly higher proportion of cases rated 

“good” 


— 


terrace, | 


' No discernible difference 
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An attempt was made to measure the hypothetical 
relationship between the risk of acute rheumatism and 
the number of other members of the household by 
calculating morbidity ratios of the same kind as those 
given for the social classes in Table VI. The result is 
shown in Table IX. 


TABLE IX 


RELATION BETWEEN HOUSEHOLD SIZE AND RISK 
OF ACUTE RHEUMATISM 





| | 
Number of Other Per- | 
sons in Household. . 1 or 2 3 4 5 6 


Morbidity Ratio - 87 98 | 79 


7 or more 





108 | 117.—«:174 





The increase of the morbidity ratio with household 
size was found to be continuous except for the break at 
five-member households. No explanation of this dis- 
crepancy can be offered, but the main point is clear: 
household size is associated with risk of rheumatism 
and may account for much of the variation of this risk 
between social classes. Some of the residual variation 
between social classes may also be due to a similar 
factor, for the risk of neighbourhood contact, like house- 
hold contact, is likely to be greater in the lower social 
classes. 

Of the eleven other items not discussed above, the 
distance from the nearest watercourse registered a 
significant difference between cases and controls. A 
very slight excess of cases was found in the group living 
within 50 yards of a watercourse, but the real source 
of the “significant’”’ difference was the excess of cases at 
distances exceeding 1,500 yards. This appears to be 
due to a bias in the completion of the returns: for it is 
at the greatest distances from water that an estimate of 
distance is least likely to be attempted, and this item 
was omitted from more of the control questionnaires 
(30 per cent.) than of the case questionnaires (8 per cent.). 

There was a remarkable absence of contrast between 
cases and controls in the last ten items. It would therefore 
appear that housing amenities in general, whatever their 
importance in more chronic forms of rheumatism, have no 
influence on the genesis of rheumatic fever, and that 
opportunity for infection is largely responsible for the 
steep social gradient. 


B. RELATED ILLNESS AND FAMILIAL ASSOCIATION.— 
Infection is clearly not a sufficient cause of the 
disease, for only a small minority of those infected 
develop either symptoms of acute rheumatism or the 
later signs of an unrecognized attack. Hence arose 
the hypothesis that victims of the disease may be 
“individuals having an inborn or acquired sensitivity 
to a common agent—an agent which, in most 
persons, provokes a local reaction only or produces 
other types of general response” (Ryle, 1946). 

The present survey did not yield data suitable for 
a rigorous examination of this hypothesis but some 
of the relevant findings are set out below: 


(1) Tonsillectomy.—For reasons connected with the 
administration of the survey there was under-recording 
of histories of tonsillitis and other illnesses among the 
rheumatic patients. There was, however, no known 
bias in the recording of tonsillectomies performed on 
children with a history of tonsillitis. This operation 
had been performed on 19-4 per cent. of the rheumatic 
cases with tonsillitis as against 57-4 per cent. of the 
corresponding controls. The difference of 38-0 per cent. 
exceeds three times its standard error, thus the difference 
cannot be due to chance; but, though not attributable 
to chance, this result may be due to some uncontrolled 
factor in the comparison. For example, such a difference 
could have arisen if there were many cases where rheum- 
atic fever intervened between a decision to perform 
tonsillectomy and a suitable occasion for operating, or 
if selection for tonsillectomy were a function of social 
class. The first point could not be checked but the original 
schedules revealed no evidence of social class selection 
in the control series. As it stands, the evidence suggests 
that ‘“‘abnormal” tonsils are a sign of an acquired liability 
to rheumatic fever which is reduced by about two-thirds 
when the tonsils are removed (i.e. 42 per cent. of the 
unoperated but only 14 per cent. of the operated cases 
of tonsillitis were recorded among the rheumatic fever 
patients). 


(2) Incidence of Rheumatism among Relatives.—It is 
a regular practice in morbidity studies to collect informa- 
tion on the incidence of the disease among the relatives 
of patients to find whether it is “high” or “low”. This 
was done in Sheffield and the results demonstrate a 
tendency for rheumatic manifestations to be more 
common among the relatives of rheumatic than of 
non-rheumatic children. It is, however, impossible to 
say whether the observed differences are too large to be 
attributed solely to environment. 

One way of extending the analysis is to classify relatives 
according to the degree of blood relationship, for if a 
familial association depends on hereditary influence the 
association should be most marked in the nearest 
relatives. Unfortunately the same expectation applies 
to the case of a familial association depending on environ- 
mental influences. Some evidence has been produced 
(Griffith and others, 1948) to suggest that the peculiar 
susceptibility to rheumatic fever of an individual in a 
“rheumatic family” comes to an end when he is separated 
from his family. If this is the case, studies based on 
children and studies based on adults would lead to quite 
different estimates of the importance of familial associa- 
tion in rheumatism. In short, an analysis by degree of 
relationship cannot yield unambiguous results unless it is 
sufficiently refined to distinguish between identical and 
non-identical twins. Nevertheless, it provides a con- 
venient form of summarizing the data and has accordingly 
been used in Table X. Here we see that, though the excess 
of rheumatic persons in the families of rheumatic children 
is greater for parents than for grandparents, it is lowest 
of all among siblings. The latter finding could be due to 
the fact that genetic factors are not operating or that they 
need prolonged exposure to become manifest, and it 
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merely reminds us that a comparison based on child- 
relatives can be very misleading if no age-standardizing 
factor is introduced. 

TABLE X 


FREQUENCY PER CENT. OF RHEUMATIC DISEASES 
IN THE RELATIVES OF RHEUMATIC FEVER PATIENTS 
AND OF CONTROL CHILDREN 


| | 
| 





| Estimated Per- 
centage excess 











Incidence in | Incidence in of Rheumatic 
Relationship Families of | Families of Persons in 
Group Patients Controls Families of 
Patients 

Siblings eh 4:20 (785) 3 -09 (1,005) 14 
Parents .. - 9-40 (638) 5-57 (934) 69 
Grandparents .. 4-15 (1,276) 3 -59 (1,868) 16 
Parents’ Siblings 2 -96 (2,534) 2 -46 (3,823) 20 
All Relatives .. | 4-22 (5,233) | 3-20 (7,630) 32 





Numbers at risk are shown in brackets. 

The following histories are excluded from the table: heart disease 
of uncertain origin, rheumatic arthritis, ill-defined rheumatics. 

A second method of analysis is to distinguish between 
different forms of rheumatism in the propositi and their 
relatives. For example, Campbell (1934) claimed to 
have found that 

family history was important as regards the particular 
type of rheumatic disease; where there was chorea 
in One generation it was more likely to occur again 
in another generation. 

In this survey, children with chorea reported a family 
history of rheumatism no more frequently than other 
rheumatic children. But among the choreic children 
who did have a positive family history, the percentage 
including chorea was 25-5 per cent. as against 10-9 per 
cent. for the non-choreic cases with a positive family 
history, and the difference of 14-6 per cent. exceeds 
twice its standard error. The present material thus 
reproduces Campbell's finding. (Cases from all areas 
were included in this comparison to make the numbers 
large enough for a statistical test.) 

A division of relatives into those on the paternal 
and maternal sides of the family was also made, but this 
yielded no evidence to suggest that a rheumatic diathesis 
had passed more frequently through either the female 
or the male line. 


(3) Pigmentation.—Following the precedent of the 
M.R.C. Report of 1927, an attempt was made in Sheffield 
to observe the hair and eye colour of cases and controls. 
It became necessary in the course of analysis to reduce 
the colour descriptions to: “blue” and “other” in the case 
of eyes; and “fair”, “blonde or corn”, and “other” in 
the case of hair. The distribution of eye colours was, 
in the cases 44-1 per cent. blue and 55-9 per cent. other 
colours, and in the controls 61-5 per cent. blue and 
38-5 per cent. other colours; the difference is too large 
to be attributed to chance (P < 0-01) and accords with 
the finding of the earlier survey. The figures obtained in 
Sheffield imply that the risk of acute rheumatism is 
twice as great for children with eyes of “‘other’’ colours 


a 2-02), There 


as for blue-eyed children Ce > 6175 


was also a slight deficiency of fair-haired children in the 
rheumatic series but this was not statistically significant. 


(4) Relationship between Severity of Rheumatism in 
Parent and in Child.—\t was of some interest to know 
whether, among rheumatic children with a_ positive 
parental history of rheumatism, the severity of the 
disease in the parents has any bearing upon the severity 
of the disease in the child. As a measure of severity we 
have again used the criterion of heart involvement but 
this was complicated by uncertainty as to the nature 
of “‘heart disease” in some deceased parents. Whether 
or not such disease was assumed to have been rheumatic 
in origin there appeared to be a slight association between 
heart involvement in rheumatic parent and rheumatic 
child. The associations were of borderline significance 
(P = 0-07 to 0-05). This finding accords equally well 
with the hypotheses that familial association in rheuma- 
tism is due to genetic, and that it is due to environmental 
factors. 

SUMMARY 


(1) Acute rheumatism is commoner in Sheffield 
than in three other notification areas, and is least 
common in the more rural parts of Lindsey. The 
variation in the incidence of rheumatic heart disease 
is even more extreme. 

(2) Children of unskilled workers suffer from 
rheumatism far more commonly than do children of 
professional and skilled workers. 

(3) There is no evidence that rheumatism is 
associated either with bad housing conditions or 
poverty, per se. 

(4) Risk of rheumatism appears to be greater 
where opportunities for infection are high: in the 
town as against the country, the large family as 
against the small, in children of school age as against 
children of pre-school age. Differences in the risk 
of infection may be responsible for the social 
gradient of rheumatism in childhood, and the 
association between income per head and incidence 
of acute rheumatism. 

(5) There is no evidence in this survey to justify 
the belief that some families are more prone than 
others to develop rheumatism. On the other hand 
blue-eyed children appear to have only one half 
the liability to acute rheumatism that is suffered by 
other children, and this is evidence of some genetic 
factor operating. 

(6) There is a well-marked seasonal fluctuation 
in the incidence of acute rheumatism which has its 
peak in January. The seasonal pattern may owe 
something to the periodic re-assembly of children 
for school terms. 

(7) Girls suffer from chorea more frequently than 
boys, and the excess of chorea among girls increases 
after the age of 11. Otherwise there is no difference 
between the sexes. 
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(8) There is some evidence that children with 
tonsillitis run less risk of a subsequent attack of 
rheumatic fever if their tonsils have been removed. 


We wish to express our gratitude to the Medical 
Officers of Health in each notification area for their 
interest and advice, and for their having placed all their 
records at our disposal. The expenses of the study were 
covered by a grant from the Royal College of 
Physicians. 
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DYSPLASTIC GROWTH DIFFERENTIALS IN PATIENTS 
WITH PSYCHIATRIC DISORDERS 
STUDIES ON THE MORPHOLOGY OF MATURITY 


BY 


J. W. LOVETT DOUST 
From the Department of Psychiatry, University of London 
Institute of Psychiatry, Maudsley Hospital 


This paper is concerned with some aspects of the 
morphology of man, as they present in relationship 
to the occurrence of psychiatric disorder. Kallmann 
in the U.S.A. and Slater in England, among others, 
have initiated fundamental work, summarized 
recently by Slater (1950), dealing with the genetic 
linkages involved in the causation of mental illness, 
while the sociological, clinical, psychiatric, and 
especially psycho-analytic literature provides an 
overwhelming if diffuse body of evidence pointing 
to the importance of environmental factors. It is 
not a function of this paper to review this literature; 
it is necessary only to mention its existence for 
orientation purposes since the studies which follow 
will necessarily have to be interpreted in terms of the 
relative importance of these two fundamental 
aetiological influences. 

The present investigation resulted from two 
assumptions based on the clinical observation of 
mentally ill patients in a _ psychiatric hospital. 
These were firstly, that there is something about the 
physical appearance of such patients which reflects 
their relative incapacity to remain emotionally 
stable under stress, and secondly, that, if this 
clinical impression be true, then over the length of 
the patient’s life the separate features of his physical 
appearance on which the impression is based must 
have resulted from dysplastic or imperfect develop- 
ment at some definite phase of his growth, since 
such features cannot be assumed to appear sud- 
denly out of the blue. Some of the differentials 
contributing to the clinical “hunch” have been 
measured and analysed by Draper and his co-workers 
(1944) at Columbia University with respect to 
physical illnesses such as _ cholecystitis, peptic 
ulceration, rheumatoid arthritis, rheumatic fever, 
and migraine. Features of significance in Draper’s 
data are convincing, not only because of the com- 
prehensive nature of his morphological observations, 
but also because of their ontogenetic basis. This 
point will be referred to later, but it is worth remark- 
ing here that, in the field of psychiatry, the scientific 


strictures of the developmental hypothesis in 
biology have been largely neglected. Somatotypology 
has been widely employed by Kretschmer (1936) 
and other authors to reveal constitutional dysplasias 
in psychiatric patients but these studies remain 
largely descriptive, and therefore sterile, in so far 
as they do not lead to an increase in understanding 
of causation and later of rational therapy in mental 
disorders. The studies of Sheldon and others 
(1941, 1942) suffer from the same purely descriptive 
faults but do at least add one set of useful data 
to those of Kretschmer, i.e., an analysis of the 
predominating germ-layer involved in the resulting 
dysplasia. Both workers, moreover, have pointed 
to the concordance of emotional, temperamental, 
and other psychological features of the personality 
with the constitutional somatotype of the individual 
examined, each agreeing that the extreme dysplasias 
in any orientation of their classifications tend to be 
associated with overt mental illness of a particular 
type (Kline and Tenney, 1950). 


EXPERIMENTAL PROCEDURE 


The objects of the investigation were to discover 
if any tendencies towards particular morphological 
configuration exist between patients suffering from 
a variety of psychiatric disorders and a healthy 
control group—such physical features being chosen 
for investigation which represent either fixations 
or deviations from the processes of normal growth 
and development. Many of the anthroposcopic 
observations and measurements reported here are 
those employed by Draper and his associates (1944) 
at the Constitution Clinic of Columbia Medical 
Centre, New York. They provided rewarding 
indices of differential dysplasia in their series of 
physically ill patients, and it seemed desirable to 
test their applicability to the psychiatrically dis- 
turbed patient. Other observations have been taken 
from the descriptions of Kretschmer (1936) of 
“infantile”, ‘hypoplastic’, and other dysplastic 
constitutional types. In speaking of infantile 
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characteristics, Kretschmer definies them (p. 81) to 
include those in which the shapes and modelling 
of the “minor proportions in the total body complex” 
are “typically childish”’. 

Measurements were undertaken whenever possible, 
other assessments being made qualitatively on a 
rating scale basis. The actual items and traits used 
will be listed here, together with the means used for 
assessing them and the justification for their inclusion 
at the ontogenetic level. 


A. ANTHROPOSCOPIC QUALITATIVE OBSERVATIONS 

(1) Characteristics relating to Hair and Pigmenta- 
tion. —It is a common observation that, after loss 
of the lanugo, far more babies born in Great Britain 
acquire hair which is fair in colour, and, at birth, 
nearly all have blue eyes. Rapidly or slowly, 
these pigmentations (or lack of them) change, and 
the distribution of fair hair and blue eyes becomes 
fairly evenly distributed with dark hair and brown 
eyes in the adult population. Such in any event is 
the impression gained from the observation of 
infants as compared with adults in general. It 
seemed worth while to include these features 
separately in our analysis and to observe both what 
the actual adult incidence of these traits was and 
also whether it was displaced in a_ psychiatric 
population. The rating scale method was used, the 
subjects being assessed clinically as to the colour 
of their hair and that of their eyes. A_ similar 
impression relates to the incidence of irregular 
pigmentation of the skin and the presence or 
absence of freckling of the face and upper arms 
was noted. Finally the length of the eyelashes was 
estimated, the long, curving lashes of infancy having 
been found normally to grow shorter with increasing 
age (Draper and others, 1944, p. 190). 


(2) Facial Modelling —Combining the observa- 
tions of Kretschmer (pp. 82-83) with those of 
Draper (p. 65) of the hypoplastic face, ratings were 
made on the presence or absence of the following 
features: 

Eyes, deep-set. 

Nose, lateral deviation, saddle or “‘snub’’-shaped nasal 
root, deep-set nasal root, “retroussé”’-shaped of 
uneven contour, the uncommon type of hypoplastic 
described by Kretschmer (p. 83) as long and “‘pulled 
down” with a pointed tip. 

Lips, special attention was given to the size and shape; 
the small, scanty, shallow upper lip “‘strained in the 
middle as if the skin was too short’’ (Kretschmer) 
was watched for as was the pouting and full, or 
conversely, thin protruberance of the lip mucosa; 
the lower lip was also observed regarding the possible 
absence of the usual concavity between the mid- 
point of the mandibular ramus and the mucocu- 
taneous margin. 
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Mandible, either receding or prognathic (Bolk, 1924), 

Supra-Orbital Ridge, prominent. 

Ears, rated for presence of Darwin’s tubercle and 
existence of a separate lobule, the alternative to this 
being a dysplastic pinna extending directly on to the 
neck without lobulation. 

Skin of Face, assessed for immaturity if it felt baby-soft 
to the touch on palpation. 


(3) Dental Pattern—Note was taken of the 
complete eruption of all the third molar (“wisdom’’) 
teeth and of a variety of irregularities of the dental 
pattern such as the presence of retained deciduous 
teeth, of absent, small, or twisted upper lateral 
incisors, of large “buck” canines, and of a wide 
space between the two central incisors of either 
jaw; the relative incidence of caries was also rated 
from inspection of the visible dental hygiene and 
of the number of fillings (Smyth and Young, 1932). 


(4) Epicanthic Fold.—Draper has emphasized 
the universality of this morphological trait among 
human infants of all races. Although the complete 
fold is seldom seen in adult white populations, some 
of its components (inner canthus lower than outer 
canthus, skin fold around inner canthus, upper lid 
margin downwards and inwards) tend to persist, 
and these remnants have been rated for their 
occurrence. 


(5) Size of Feet.—Since a feature of the infantile 
constitution is stated to be smallness in actual size 
as well as of one part in relation to other parts of the 
body, it was thought desirable to check the incidence 
of this in our groups. A _ satisfactory method 
appeared to be to make an indirect estimate of the 
foot size from a knowledge of the subject’s shoe 
size. These facts were elicited by questioning. 





B. ANTHROPOMETRIC QUANTITATIVE OBSERVATIONS 


With the aid of a Walther’s rule and its paired 
visors, a series of seven measurements were taken 
of various features of the subject’s face and hands. 
The former included: 

(i) Actual depth of midline of upper lip from nasolabial 
junction to mucocutaneous margin. This measure- 
ment provided an objective check on the reliability 
of the anthroposcopic observations of this feature. 

(ii) Interpupillary distance measured and compared 

with 

(iii) Breadth of face at the meatal level. 

From (ii) and (iii) was computed: 
(iv) Interpupillary index (1. P.1.— interpupillary 
space/facial breadth, Draper, p. 193). 
Other measurements were: 

(v) Length of nose from nasion to tip. 

(vi) Width of bridge of nose. 

(vii) Depth of nasal root in region of bridge. 
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The rationale for these observations lies in the 
importance of the progressive development and 
differentiation of the nasal bridge in relation to the 
position of the eyes, the latter coming together from 
their early foetal situation at the sides of the head 
as the bridge of the nose gradually pushes itself 
forwards. The final feature investigated was: 

(viii) Relative laxity of ligaments about metacarpo- 
phalangeal joints. Hyperextensibility of the meta- 
carpo-phalangeal joints, which is as universal a 
characteristic of infancy as the epicanthic fold, 
sometimes persists into adulthood (‘“double- 
jointedness”). More commonly, however, this 
trait is largely lost in adolescence. The assessment 
carried out on this feature was a simple one; 
the metacarpo-phalangeal joints of the thumbs 
were put into extension; if extension was possible 
beyond 180°, the subject was rated as having 
hyperextensibility of his joints. Both hands were 
examined so that a comparison could be made 
between them. 


EXPERIMENTAL POPULATIONS STUDIED 


These consisted of 648 subjects (491 males, 
157 females). Ages ranged from 15-64 years with a 
representation roughly equivalent in the various 
groups included. All subjects were British and of 
United Kingdom stock. 

Two principal groups were differentiated; one of 
healthy “normal” controls and one of patients. 
The patients comprised mainly cases of various 
forms of psychiatric disturbance, but also included a 
small group of twelve otherwise healthy subjects who 
had sought out-patient treatment for migraine at a 
neurological hospital* and another group of 
eighteen high-grade mental defectives.t The migrain- 
Ous patients included four males and eight females; 
all the defectives were males. 


(1) Healthy Controls.—These were drawn from 
two sources. Their total number was 261 (246 males 
and fifteen females). The larger source was a 
neighbouring Army Depot] which supplied 226 
soldiers (N.C.O.s and other ranks) who were detailed 
to attend at the Institute of Psychiatry in batches 
of eight per week. The ages of the soldiers ranged 
from 17-44 years; the first 107 were subjected to 
the complete battery of tests, and the remaining 119 
to only a small number of them. The actual numbers 
used in each separate investigation are detailed in 
the Tables. To counterbalance these Army controls, 
a smaller and more varied group of 35 civilians 
(twenty males and fifteen females) was examined. 


* Investigated through the courtesy of Dr. Anne Bolton. 

t For the opportunity of investigation of whom we are indebted 
: Dr. J. K. Collier Laing, Medical Superintendent of Darenth Park 

Ospital. 

t Through the kindness of Col. L. Bootle-Wilbraham, D.S.O., M.C. 


The age range of this civilian group was wider, 
from 15-65 years, and the subjects included physi- 
cians, nurses, technical workers, clerks, and 
housewives. The civilian group as a whole displayed 
less cultural homogeneity than the Army group, and, 
partly because of this and partly on account of 
its numerical disparity, was not employed when the 
influence of certain factors (e.g., age) was computed. 


(2) Psychiatrically Abnormal Group.—This con- 
tained 357 patients (111 + 112 males and 134 
females) and was also drawn from two main sources. 

One sub-group was drawn from the wards and 
out-patient department of the Maudsley Hospital. 
It consisted of 245 patients, of whom 111 were 
males and 134 females. The age range was from 
16—63 years and the diagnostic categories represented 
included: 


27 psychoneurosis 

35 psychopathic personality 

71 affective disorder—depression 
95 schizophrenia 

17 idiopathic epilepsy. 





Where these diagnostic categories have been 
split into the different sub-categories of mental 
disorder, the proportions have been indicated in the 
Tables, but such sub-grouping was only carried 
out when the numerical incidence appeared sensibly 
to justify it. 

The second sub-group which was drawn from 
the Army* comprised only cases of psychoneurosis, 
of which 112 were examined. These subjects were 
all “other ranks”, who had broken down during 
their military service and had been referred to 
Army psychiatrists for diagnosis and _ possible 
invaliding out. The first 56 of these cases were 
extensively investigated, and the remainder took 
only a small selection of tests. Mean ages and 
standard deviations for the different groups have 
not been computed, but the relative loadings for the 
various age ranges and diagnostic categories may be 
assessed from Table VIII, in which the influence 
of chronological age is derived. Broadly, the mean 
ages of the two principal subdivisions of the healthy 
and abnormal groups showed sensible correspon- 
dence, though no effort was made to “match” the 
groups with regard to the age and sex variables. 

The Tables show discrepancies in the numbers of 
subjects examined, especially with regard to the 
quantitative assessments. One reason for this has 
already been stated; another was that circumstances 
made it impossible to administer the complete 
battery of tests to all individuals. The tabulated 


* The patients (all males) were made —_ able for testing thecuits 
the courtesy of Lt. Col. H. Pozner, R.A.M.C. 
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results only refer to such clinical material as it was 
possible to investigate in sufficient numbers to 
allow of statistical evaluation. Examinations 
carried out in small numbers of subjects, and 
assessments whose actual and “‘expected’’ incidence 
was too low for tests of significance, are referred to 
briefly in the next section. 


RESULTS 


Those results which are of statistical significance 
may be seenvin detail in Tables I to VIII. Eleven 
rating-scale assessments (y? method) and two sets 
of measurements (analyses of variance) on morpho- 
logical characteristics empirically assumed _ to 
represent ontogenetic dysplasia proved either to be 
statistically insignificant or to show too low an 
expected frequency for evaluation. The traits 
falling into these categories were the following: 

Size of feet (by shoe size) 
Presence of receding jaw 
Prognathos 

Prominence of supra-orbital ridge 
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Long pulled-down nose with pointed tip 

Darwin’s tubercle of the pinna 

Freckling of face and arms 

Excessive dental caries 

Difference in hyperextensibility beyond 180° 
of metacarpo-phalangeal joints between 
right and left thumbs 

Absence of concavity of lower lip 

Length of nose 

Breadth of nasal bridge. 


Table I lists the positive qualitative data obtained 
by clinical observation of the subjects. The modified 
7° technique used to establish statistical significance 
of these measures enabled the separate contributions 
made by each diagnostic group to be compared 
with the total v? for the trait in question. From a 
study of each separate “contribution” to the total 
it was possible to demonstrate which diagnostic 
group, if any, was principally responsible for the 
differences between them. For three of the ratings 
in Table I, P is obviously too great for significance; 
the figures have been included, however, to indicate 


TABLE I 


DIFFERENTIAL INCIDENCE AMONG CONTROLS AND TWO PSYCHIATRIC GROUPS (NEUROTIC AND PSYCHOTIC) OF 
SEVENTEEN QUALITATIVE FEATURES OF MORPHOLOGICAL ONTOGENETIC DYSPLASIA 





Controls Neurotics 


Feature of morphological 


Statistical 
significance 


Schizophrenics ; 
Principal Extent of 
contributor 





dysplasia investigated 


°o °o 


contribution 
to z* 


y’ to difference 









































No. Incidence No. Incidence | No. Incidence 7 P 
EYE COLOUR: 7 aa a 
Brown o sid “ 107 46-7 56 33-9 46 26:1 7-020 = -05 Controls 3-235 
HAIR COLOUR: aa eo Oey. 
Dark brown ic od 107 64-7 56 44-6 46 45 -6 6°395 -05 Controls 3-871 
Fair .. a ws “ 107 30-8 56 50-0 | 46 34°8 7-315 | -05 Neurosis 4-849 
UPPER EYE-LID: eo | — > 
Remnants of epicanthic fold 107 47-7 56 44-6 46 65 -2 5-096 °1 — 
EYE LASHES: i 
Long, Curved is ne 107 29 9 56 42-9 46 58 -7 11-453 -Ol {| Schizophrenia 6-923 
EYES: 

Deepset in face .. =. 107 15-9 56 35-7 46 28 -3 8-437 -02 Neurosis 4-277 
NOSE: ae ot : PGi Seite 
Lateral deviation present .. 107 22 -4 56 39 +2 46 39 +1 6-927. -05 Both 3-547 

Abnormals 
Saddle shape 0 ee 107 10-3 56 16-1 46 28 6 7-858 “02 Schizophrenia 5-381 
Uneven contour .. ie 107 31-8 56 46 °4 46 $2 2 8-308 -02 | Schizophrenia 3 -230 
Root deepset ne os 107 11-2 56 | 28°6 46 47-8 24-600 -001 Schizophrenia 14 -500 
TEETH: 7 ae 
3rd molars still unerupted. . 226 27-0 112 33-9 —_— — 6-070 -02 Neurosis 5 -493 
Irregular dental pattern .. 107 38 +3 56 51-8 46 52 -2 3-192 | °3 — — 
UPPER LIP: 7 
Scanty + me “ 107 18-7 56 41-1 46 60 -8 27-232 =-001 | Schizophrenia 14-837 
Pouting —_e ae 107 44 °8 56 | 64:3 46 58 -7 6-308 -0S5 | Neurosis 2 -808 
Straightandthin .. ye 107 6°5 56 | 12-5 46 | 19 -6 6-876 -05 Schizophrenia 3-443 
EARS: | a 
No discrete lobule ee 107 15-9 56 41-1 46 47-8 22-048 ‘001 | Schizophrenia 7-733 
SKIN: | | 
Soft, babyish - a 107 36-4 56 55-4 46 41-3 5-695 | «1 —- — 


i 





All assessments made by same observer on rating-scale basis. 


209 subjects (107 controls and 102 patients) rated for all features except one. 


All subjects male. No feature included in differential significance columns in which contributory expected x? frequency was less than 10 and 
“expected”’ fraction of total numbers less than 0-24 (Lewis and Burke, 1949). 
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TABLE II 
LENGTH OF UPPER LIP 
































Sex.. a a hee - i Male Female 
— Mean length Standard Mean length Standard a4 
Diagnostic Group No. (mm.) deviation No. (mm.) deviation 
Control .. oe ba - ste 108 16 -56 2-677 — — —_ 
Anxiety State - “ie ith $0 29 16 -00 2-521 -- — — 
Hysteria 7 = 1s a os 25 +t 2 -564 12 13-17 2 +167 
, " nadequate ai oa 8 15-12 3 -563 4 13-75 0 -957 
Psychopathy 1 A geressive ae 4 12-75 2-754 a sa ae 
Depression zs "e ve - 12 17 -00 2 -000 18 14-89 3-179 
Schizophrenia _ = a si 29 15 -28 4-579 32 12 -88 1 -930 
Epilepsy .. <i - ~ oa 2 12 -50 0-707 6 12 -83 1-329 
Mental defect oa wi ne oa 18 12 -67 2 -249 — — — 
Migraine .. ius i vs 2 17 -50 3 -536 — — — 
re: mee 15-69 3-141 72 13-47 2-379 
Analysis (1) Diagnosis a | DF = 236 P=0-001 DF = 71 P = NS. 
of F = 4-950 "* *164 F = 2-457 n? 128 
Variance - 
(2) Sex difference és DF 308 P 0-001 F = 30-474 ia -090 





the tendencies they reveal. For all other ratings, 
7° is significant at least to within the 5 per cent. 
level of confidence. 

Table II confirms the qualitative ratings of 
Table I with respect to the length of the upper lip. 
There is a large sex difference here, but apart from 
this, the analysis of variance, at least in the male 
group (there being no female representatives among 
the controls), indicates significantly short upper 
lips in patients with most types of psychiatric 
disturbance (except depression) and _ confirms 
Kretschmer’s description of this component of his 
“hypoplastic” constitutional type. The high F ratios 
representing the sex differences for mensuration of 
the inter-pupillary distance (Table III) might be 
assumed from a clinical impression of the differential 


facial modelling of men and women. The relation- 
ship of the distance between the midpoints of the 
pupils and the breadth of the face (I.P.1. or “‘inter- 
pupillary index”) might be expected to negate this. 
Table IV (overleaf) shows such to be the case, and 
also indicates that relative wide-spacing of the eyes 
is significantly common to cases of anxiety state, 
psychopathic personality, schizophrenia, and female 
agitated depression, while relatively narrow-spaced 
eyes are to be found among male hysterics, idiopathic 
epileptics, and cases of migraine. 

The findings recorded in Tables III and IV are 
echoed in Table V (overleaf). If a significant correla- 
tionexists developmentally between the mid-pupillary 
space and the formation of the nasal bridge, then 
it might be expected that the results of measurement 








TABLE III 
INTERPUPILLARY DISTANCE 





























Sex. Male Female 
Mean length | Standard Mean length Standard 
Diagnostic Group | No. (mm.) deviation No. (mm.) deviation 
Control 127 61-008 3-421 15  §9 -467 3-314 
Anxiety state 38 61-525 3 +126 2 ~—«*57 500 0-707. 
Hysteria ong ie 26 61-115 2 +566 17 60 -588 2-740 
i , JS Inadequate 17 61-176 2 -834 8 59 -750 3-196 
Psychopathy 4 Aggressive 7 59 -286 4-029 3 59 -000 5 -568 
= Neurotic 7 63-714 3-729 25 59 -280 2-052 
Depression Psychotic. 14 61 857 2 -627 25 57 -880 3-244 
: . f Constitutional 36 61-417 2 -989 28 59 -786 3-131 
Schizophrenia \ Paranoid 8 61-250 2-550 21 58 -762 3 -534 
Epilepsy ie 7 59 -429 2-371 9 59 -000 4-873 
Mental defect 18 59 -333 3 333 sin wa — 
Migraine .. 4 57 -250 5-315 8 59 -357 4-373 
Totals 309 61 -023 3-259 161 59 -224 3-259 
Analysis (1) Diagnosis DF = 308 0-05 DF = 160 P=N.S. 
of F = 1-985 n? -068 F<1 n? = -059 
Variance 
(2) Sex difference DF = 469 P=0-001 F 32 -256 ” -064 
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TABLE IV 
DISTRIBUTION OF THE MEANS OF THE INTERPUPILLARY INDEX 





























Sex.. a ~~ ove ee “ | Male Female 
Standard Standard 
Diagnostic Group | No. Mean Index deviation No. Mean Index | deviation 
Control .. * iw os ae, 128 46 641 3 -448 15 44 +133 2 -587 
Anxiety state... ae ois me 37 42-270 3 -746 2 46 -500 0-707 
Hysteria ri aa A ao = = om : = 19 45 -947 2-718 
R nadequate.. ia 1 +36: ° 5 51 -600 | 5 -030 
Psychopathy 1 Aggressive ae 8 47 125 ! 727 3 46 -000 3 -605 
‘ Neurotic nF oe 9 46 -444 -046 16 47 -000 3-812 
Depression s Psychotic ¥ 5s i 7 46 -235 2 -840 29 45 -724 3-172 
: . f Constitutional te 4 48 -529 3 -578 41 47 -244 3-793 
Schizophrenia } Paranoid ws 10 46 -700 5-229 10 47 -200 3-765 
Epilepsy .. a ne i ee | 6 43 -500 2-739 il 46 -000 4-858 
Mental defect 17 45 -765 2-223 — —_ — 
Migraine .. 3 44 -000 4-359 6 45 -333 3-615 
Totals... m zs 2 bs in 314 46-701 | 3 -403 157 46 -427 3-702 
(1) Diagnosis .. | DF = 313 P= 0-05 DF = 156 P = 0-05 
Analysis F = 2-003 7? = +068 F = 2-197 n “131 
of 
Variance (2) Sex difference DF = 470 P=N.S F< 7% 7? -00136 





of the depth of the nasal root should bear a relation- 
ship to the variables controlling these ocular 
proportions. 

Table V shows that measurements of the nasal 
root depth are significantly decreased for psychotics 
but not for massed neurotics, the increased width 
found in patients with anxiety states apparently 
cancelling out the narrow interpupillary distance 
characterizing hysterical patients. 


TABLE V 


INFLUENCE OF DIAGNOSIS ON DISTRIBUTION OF 
MEANS OF DEPTH OF NASAL ROOT 


Measured in mm. on 244 male subjects 





sex patterning showed a skewing in the expected 
direction. From Table VII it can be seen that, as 
the severity of the psychiatric diagnosis increases, 
so does the weight of the loading of features of 
morphological ontogenetic dysplasia, the greatest 
incidence of such features being present in “‘consti- 
tutional’ (hebephrenic, catatonic, and _ simplex) 
schizophrenia, and in (female) epilepsy. 

Table VIII has already been briefly referred to 
(p. 171). If these features which have been examined 
really do represent dysplasias of the processes of 
maturation, then it is logical to assume that, what- 
ever the relative velocity of individual growth and 
development within the structure of physiological 


Mean Analysis . r 
DiagnosticGroup No. depth — Standard of time (Du Nouy, 1936), the progress of ontogenesis 
(mm.) | Deviation| Variance should always be towards a diminution of such 














Control... 106 | 16-953 | 2-723. | DF = 243 dysplasias. Table VIII demonstrates the significant 
Neurosis... .. | 59 |17-610| 2-666 P 0-001 march of that progress within the limited age 
Depenion 7 22 | 15-273 2-979 F— 12-877 Tanges studies. It also shows that, with standard 
Riditiiaddinetis 1 | 10-008! oats | @ on deviations approximately equivalent between the 

we ; groups and for the 10-year periods between fifteen 
Total = -- «+ | 24 | 16-480 | = 2-854 and 44 years, a slower drive towards maturity is 





Table VI completes these quantitative assessments 
and reveals the tendency towards fixation at mor- 
phologically immature levels in cases of psychiatric 
disorders. 

Table VII represents a crude attempt at construct- 
ing an “Index of Morphological Maturity”. The 
twenty traits and measurements which best differen- 
tiated between controls and psychiatric abnormals 
were selected, and the incidence of each trait for 
the individuals of the various diagnostic sub-groups 
studied was totalled. There was no significant 
sex difference in these totals, although the differential 


inherent in the psychiatrically abnormal patients 
than exists in the individuals of the healthy group; 
the reduction in the loading of morphological 
dysplastic features was 1-8 in the controls and only 
1-2 in the patients (P = -05 in each case). 


DISCUSSION 


The personality of Man is a mosaic, the resultant 
of the integration of a vast number of variables, 
fitting, jigsaw-fashion, into the matrix of the 
whole. It is no static thing, but dynamic, changing 
and structured in biological time. Everyone is 
familiar with the fact that behaviour patterns are 
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TABLE VI 
DIFFERENTIAL INCIDENCE OF HYPEREXTENSIBLE LIGAMENTS (“DOUBLE JOINTEDNESS”) 
AT THUMB METACARPO-PHALANGEAL ARTICULATION 
| Negative or 
Diagnostic Group | No. Incidence | Percentage Contribution positive Statistical 
| | Incidence to x” contribution significance 
De ks sw 46 | 7 15-2 8-165 re DF =3 
ie (lyk ef 38 16 42-1 0-757 ; P= 01 
Depression a a 56 20 35-7 | 0-031 Principal 
contributor to 
Schizophrenia... oe er ~ 41 | 21 51-2 4-513 total x? is 
Schizophrenia 
Total ia ie ae th 181 Total x* = 13 -466 
TABLE VII 


MORPHOLOGY OF 


MATURITY INDEX 


Mean incidence by diagnostic group and sex of twenty possible features of morphological ontogenetic dysplasia. 
































Sex.. 7 - a te ms Male Female 
| Mean Mean 7 _ 
Diagnostic Group | No. incidence Standard No. incidence Standard 
N/20 deviation N/20 deviation 
Rh, ak ee 9 eed 124 5 +532 2 -661 13 4-846 2-882 
Anxiety state = se oy si 40 8 -050 2 -470 4 6 -250 0-500 
Hysteria .. ; ‘ me a al = . = } *762 14 8 -357 3-249 
TAT nadequate.. os 2 *565 3 9 -000 0 
Psycopathy Aggressive .. a 7 : -000 2-081 2 4-500 3 +536 
s Neurotic = “a 10 -500 2 -677 16 6-125 3 -008 
Depression Psychotic ..  .. 13 7-615 2-534 17 7-176 2 -766 
: : Constitutional F 9 9-778 3 -032 12 10 -000 2 -796 
Schizophrenia ) Paranoid .. 9 7-444 2-789 4 8 -250 2-630 
Epilepsy .. oe sie a - 5 7 -000 0-707 10 10 -700 2-312 
Migraine .. - “a ok a 4 8 -000 0-816 8 6 -500 2 -000 
ee) ie ge ka 268 6-914 2-818 103 7505 | = 3-199” 
(1) Diagnosis Pr DF = 267 P — 0-001 DF=102 £P=0001 
Analysis | F = 7-909 7"? *235 F = 4-692 he 338 
of — ~ 
Variance | (2) Sex difference ia DF = 370 F = 3-027 P N.S. n? -008 
TABLE VIII 


PROGRESSIVE DIMINUTION AS AGE ADVANCES OF LOADING OF FEATURES OF MORPHOLOGICAL 
IMMATURITY IN BOTH CONTROL AND PSYCHIATRICALLY ABNORMAL GROUPS 
Not until the sixth decade does the psychiatrically abnormal patient grow up to the morphological maturity reached by the control group 
in the second decade 




















Diagnostic Group Controls Psychiatric Abnormals 
Mean | Mean 
Age range No. | incidence Standard No. incidence Standard 
(years) N/20 deviation N/20 deviation 
15 — 24 69 5-971 2 -657 83 8-228 2 -534 
25 — 34 50 5-220 2 -683 66 8 -439 2 -684 
35 — 44 17 4-176 2 -430 30 7 -033 2 -632 
45 — 54 0 — — 10 7-100 2 -767 
55 — 64 0 —_ —_ 6 6 -000 1 -673 
ee sk” CO 136 | S471 | 2-689 195 | 7-990 2-644 
; Ss = 135 P =0-05 DF = 194 P = 0:05 
Analysis of Variance = 3-507 7”? -050 F = 2-868 Th “057 











tolerated in infancy and early childhood which would 
place adults either in prison or in a mental hospital. 
But, just as these patterns are normally outgrown 
by integration with modes of behaviour progressively 
more in accord with the cultural standards accepted 


locally as typical of those of adult reaction, so the 
physical bodily characteristics of infancy and 
childhood change with growth and development 
from those characterizing immaturity to those typi- 
fying the relative maturation of adulthood. And, 
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pari passu, these changes occur in parallel—emotional 
development proceeding in step with changes of 
physique, constitution, and bodily configuration. 
If these processes occurred with the same speed 
and to the same degree, both among individuals 
and among the innumerable components making 
up the Gestalt of each personality, then one might 
observe among the members of any culture or 
people a sameness or identity much greater than is 
perceptible in fact. Growth and development do 
indeed lead to much similarity among individuals, 
e.g. height and weight are reached to within a 
certain limited range, and from these measurements 
the calculation of a “‘ponderal index” provides a 
useful classification of groups. But the distribution 
of individuals for these measurements falls along a 
Gaussian curve and is only crudely related to 
factors of differential growth. The morphological 
features examined in this paper, although similar 
in many respects to other indices, differ from them 
in representing a variety of potentials to development 
which may or may not be realized in the attainment 
of adulthood. All babies, for example, are born 
with hyperextensible ligaments, but a cross-section 
of the healthy British population shows that only 
15-2 per cent. of adults show such hyperextensibility, 
while the remaining 84-8 per cent. have lost it. We 
may therefore assume that ‘“double-jointedness” 
changes with advancing chronological age, and that 
its retention in adulthood represents an unrealized 
potential to differential development. But this is not 
to say that these healthy adults are morphologically 
“immature” in any general sense of that term; 
they are only immature with respect to this one 
characteristic. We have seen that a number of such 
morphological dysplastic features are found normally 
distributed in a population sample such as our 
controls; but we have also seen that, when twenty 
such features are sampled and their total incidence 
examined, their number gradually diminishes with 
advancing age, and also that the fewer such charac- 
ters any given individual possesses at any one 
time, the less likely is he to possess also the psycho- 
logical characters of emotional immaturity, and 
the less likely is he to break down with psychiatric 
disorder, as the stress of his environment becomes 
ever more severe and out of step with the pro- 
gressively intricate adjustments he has to make with 
the advance of his chronological age. 


We have also shown that, grouping the mentally 
ill patients together and comparing their morpho- 
logical growth index with that of the controls on an 
age range basis, then, for these criteria at least, not 
until the age of 60 does the emotionally unstable 
and dysplastic -individual mature morphologically 
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to the extent reached by the healthy individual 
at the age of 20. The implications of this are 
not surprising when such findings are reviewed jin 
terms of what we know clinically of the prognosis 
of psychiatric patients. The psychiatrist sees 
surprisingly few middle-aged neurotics or idiopathic 
epileptics in his clinic or mental hospital practice 
as compared with similar patients in younger age 
groups. 

Just as the differential physical characteristics 
of individuals provide visual confirmation of their 
unique personalities (the identical twin is an 
excellent example of this, emotional and behavioural 
characteristics appearing in step with practical 
somatic identity), so not only do the individual 
differences in morphological development appear 
associated with the uniqueness of individual per- 
sonality, but also the pattern of a group of morpho- 
logical dysplasias appears associated with the 
tendency for an individual to break down in a 
particular psychiatric fashion if stress becomes 
intolerable. Thus, such features of morphological 
dysplasia as blue eyes, long curved lashes, pouting 
lips, and a soft skin are found predominantly 
among neurotics; wide-spaced eyes and a shallow 
nasal root among depressives; and a scanty upper 
lip, ears without discrete lobulation, a high inter- 
pupillary index, double-jointedness, and persistent 
remnants of the epicanthic fold among. schizo- 
phrenics. Among psychoneurotics, the case of 
anxiety state with his wide-spaced eyes and high 
interpupillary index is capable of morphological 
differentiation from the hysteric with his short 
upper lip and relatively low I.P.I. Similarly, among 
schizophrenics, the paraphrenic may be distinguished 
from the hebephrenic, catatonic, and dementia 
praecox simplex by the total of dysplastic features 
in the index of morphological maturity being less, 
though still heavy by comparison with other diag- 
nostic groups studied. It should be emphasized 
that these predictive conclusions do not refer to 
the presence of isolated morphological characteristics 
but only to the pattern of their distribution in a 
total loading of dysplastic features in excess of that 
found in a normal healthy population. 

We all grow up unevenly and differentially to 
varying degrees and at varying velocities. This 
unevenness is reflected in our emotions, intelligence, 
and constitution; in our immunity to disease and 
somatic configuration; in the functioning of our 
bodily processes and the speed and pattern of our 
homeostatic responses to the stresses of living. It 
is just this unevenness which makes us unique 
personalities, distinct one from another as well as 
culturally, racially, and anthropologically. One 
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of the purposes of this paper is to suggest that, at 
least for the morphological variables of the processes 
of growth, a surfeit of such dysplasia, too uneven a 
loading of immature characteristics, bodes ill for 
the integrity of psychological functioning and 
contributes manifestly to the causation of mental 
disease. 


SUMMARY 


(1) Anthroposcopic observations of 28, and anthro- 
pometric measurement of seven features of 
morphological growth dysplasia were made on 
261 healthy adult subjects, 302 psychiatric 
patients, twelve patients with migraine, and 
eighteen mental defectives. 


(2) Qualitatively and quantitatively, the patients 
revealed a _ persistence of characteristics of 
morphological immaturity significantly greater 
than that in the controls. 


(3) The loadings of immature and dysplastic features 
showed a differential sex distribution and a 
progressive decline with age. The totals were 
significantly higher for the patients than for 
the controls. 


(4) The differential distribution of the 31 separate 
morphological traits formed relatively distinct 
patterns for each of the psychiatrically abnormal 
groups; this enabled gross diagnostic predictions 
to be made on ontogenetic grounds. 


(5) The implications of the findings are discussed, 
especially from the point of view of personality 
development. 
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this paper as well as to those on the staff of the Maudsley 
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ment of Psychiatry at this Institute, and by Captain H. A. 
Dilley of the War Office, and for the statistical advice and 
computational assistance freely given by Mr. A. Lubin 
and Mr. G. K. McArthur. Lastly I gladly acknowledge 
the financial assistance made available to me, since part 
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ASSOCIATION OF CONGENITAL MALFORMATION OF THE 
HEART WITH BIRTH RANK AND MATERNAL AGE 


BY 
BRIAN Mac 


MAHON * 


From the Department of Social Medicine, University of Birmingham 


INTRODUCTION 


The literature contains few data on the association 
of congenital heart disease with birth rank and 
maternal age. This is not surprising in view of the 
difficulties of the investigation, which may be 
summarized as follows: 

(1) The difficulty of assembling a series of cases of 
congenital heart disease which can be regarded as reason- 
ably representative or complete. Many patients die in 
the neo-natal period, and the diagnosis is unreliable 
unless confirmed at autopsy. Alternatively, minor 


* In receipt of a personal grant from the Medical Research Council. 


malformations of the heart are compatible with many 
years of life, and may be unrecognized even at death. 
The experience of any single clinician, pathologist, or 
hospital is of course quite unrepresentative. 


(2) The difficulty of obtaining information about a 
satisfactory control group representative of the popula- 
tion of related births. Since information about siblings 
of affected children is inevitably incomplete, methods 
such as that of Greenwood and Yule (1914) cannot be 
applied and one must rely upon comparison with the 
population of births from which the affected are drawn. 


In the present inquiry an attempt has been made 
to collect information about all cases of congenital 


TABLE | 


NUMBERS OF CASES OF CONGENITAL HEART DISEASE 


AND CONTROLS 


AT DIFFERENT BIRTH RANKS AND MATERNAL AGES 














Maternal BIRTH RANK 
Age — 
(yrs) 1 2 3 4 5 6 7 8 9 10 11 12 and | Total 
over 
17 - (2) - - - - -- -- -- -- - -- -- -- -- - (2) 
18 7 (9) 2 (1) - = - = -- -- -- -- -- -- -- - - 9 (10) 
49 8 (22) 2 @) -_ = -- =< -- -- -- -- -- -- - - 10 (23) 
20 19 (13) 1 (5) 2 - - = -- -- -- - -- -- -- -- 22 (18) 
21 21 (34) 4 (9) 2 (1) -- -- -- -- - -- - - ~ - - 27 (44) 
22 18 (33) 6 (13) — (6) - (1) -- -- -- -- -- -- -- -- 24 (53) 
23 10 (54) 8 (21) 2 (7) — (1) -- -- -- - - -- -- - - -- 20 (83) 
24 15 (22) 9 (21) > ©¢ 1 (1) -- -- -- -- -- -- -- -- 30 (49) 
25 15 (32) 13 (23) 6 (7) 2 (4) 1 (1) -- -- -- -- -- -- - - 37 (67) 
26 17 (21) 19 (25) 3 (10) — (5) — (3) -- 1 - -- -- -- -- - - 40 (64) 
27 6 (26) 12 (19) 9 (6) 1 (6) 1 - - (1) -- -- -- -- -- - 29 (58) 
28 7 (16) 9 (25) 6 (8) 5 (9) 1 (2) -- - - -- -- -- -- - - 28 (60) 
29 9 (26) 14 (20) 3 (10) 2 (2) 1 (2) — (1) il - -- -- -- -- -- 30 (61) 
30 8 (13) 5 (29) 3 (17) 4 (4) 1 (4) 1 (1) -- -- -- -- -- -- 22 (68) 
31 2 (11) 18 (10) 6 (12) 2 (2) 3 (4) 1 - -- 1 - -- - - -- -- 33 (39) 
32 6 (6) 13 (18) Il (9) 5 (8) 2 (1) — (3) 1 (2) -- -- -- -- - - 38 (47) 
33 4 (9) 10 (10) 6 (9) 2 (5) 1 (4) 4 (2) -- -- -- -- -- -- 27 (39) 
34 4 (3) 6 (9) 13 (10) 2 (3) - (3) 1 (2) 2 (2) - (1) -- -- — (1) -- 28 (34) 
35 3 (5) 3 (16) 4 (7) 2 (5) — (4) — (3) 2 (2) — (2) -- =—= -(1) -- 14 (45) 
36 1 (3) 6 (13) 7 (4) 3 (6) 2 (2) 2 (2) oi - (1) -- =-- -- -- 21 (31) 
37 2 (5) 4 (5) 6 (3) 6 (5) — (8) 2 (1) -- -- -- -- -- -- 20 (27) 
38 7 (4) 3 (5) 2 (4) 5 (6) I (1) 1 - — (2) -- -- -- -- 1 - 20 (22) 
39 - - 2 (4) 2 (I) 3 (4) — (2) 1 (1) 1 (1) — (2) - (1) 2 (1) -- -- 11 (17) 
40 2 - 2 (4) 3 (3) — (4) 4 (1) 2 (2) - (1) 1 (1) = = - (1) —- -- 14 (17} 
41 1 (2) 1 - 2 - 1 (5) ~ (1) 2 (1) — (1) I (1) -- 1 - -- 11 (12) 
42 - - 1 - 2 (3) 1 (5) - (1) 1 - -- 1 - -- 1 - -- I (1) 8 (10) 
43 - - — is i - 1 (1) -() 2(1) - (1) i - (1) - < a ae — (1) 4 (6) 
44 - - 1 (2) 1 (1) - (1) - = = -- -- -- 1 - 1 - 1 - 5 (4) 
45 - - - = i - =< a ee sal i- - (1) oo aie - (1) 2 (2) 
46 - - - - - - -- -- 2 (1) - (1) -- - - - (1) -- -- 2 (3) 
47 - - - - - - -- 1 - -- -- -- -- -- -- -- 1 - 
48 - - 1 - - - -- -- -- -- -- -- -- -- -- 1 - 
Totals 192 175 108 49 20 20 10 4 1 4 2 3 58 
(371) (308) (144) (88) (49) (22) (13) (8) (4) (3) (2) (3) (1,015) 





Numbers of controls are given in brackets. 


In 45 (7:1 per cent.) of 633 cases, and 71 (6°5 per cent.) of 1, 
178 


086 controls, birth rank or maternal age was not known. 
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heart disease born in Birmingham during a 10-year 
period, and these are compared with a control 
series representative of all births from the same 
years. 

MATERIAL 


The formation of the series, and the extent to which it 
can be regarded as complete, have been discussed fully 
ina communication dealing with the incidence of cardiac 
malformations (MacMahon, McKcown, and Record, 
1952). It suffices to state here that the following sources 
of information were available: 

(1) Records of all post-mortem examinations conducted 
in maternity, paediatric, and general hospitals in 
the city; 

(2) Clinical records of all patients seen by consultant 
physicians or surgeons in the same hospitals; 

(3) Records of all cases attending special schools or 
under the supervision of school medical officers in 
ordinary schools; 

(4) Registers of stillbirths and infant deaths of the 
Local Authority. 

Cases were accepted if born in the years 1940 to 1949 
to mothers domiciled within the administrative boundary 
of Birmingham. These criteria were satisfied by 633 
cases; after field inquiry, information about birth rank 
and maternal age was available for 588 (92-9 per cent.). 
The criteria of diagnosis varied considerably, but for a 
full statement on this question the reader is referred to 
the previous paper. 

The control series was selected by taking every two- 
hundredth name from the Local Authority’s registers 
of live births and stillbirths notified during the same 
period. The series has previously been used in investiga- 
tions of malformations of the central nervous system 
(Record and McKeown, 1949) and of infantile pyloric 
stenosis (McKeown, MacMahon, and Record, 1951), 
and is more fully described in these communications. 
For the present inquiry (1940-49), information about 
birth rank and maternal age was available for 1,015 
(93-5 per cent.) of the 1,086 controls. 


FINDINGS 


BIRTH RANK AND MATERNAL AGE.—The numbers of 
patients and controls at different birth ranks and 


TABLE III 
DISTRIBUTIONS OF AFFECTED AND CONTROLS BY MATERNAL AGE 


maternal ages are given in Table I. Birth rank is 
calculated from the number of viable pregnancies, 
miscarriages (but not stillbirths) being excluded, 
and multiple pregnancies being counted once. 
Maternal age is the age of the mother at the birth 
of the propositus, and is calculated from the 
mother’s date of birth. In a few cases maternal 
age is as given by the mother without reference to 
her date of birth. 


TABLE I] 


DISTRIBUTIONS OF AFFECTED AND CONTROLS 
BY BIRTH RANK 














Affected Controls 
Birth —_ Difference 
Rank No. Per cent. No. Per cent. (a) (b) 
| (a) (b) 
1 | 192 | 32-65 | 371 | 36-55 3-90 . 2-47 
z 175 29 -76 308 30 +34 0-58 2°37 
3 108 18 -37 144 14-19 4-18 1 -89* 
4 49 8 -33 88 8 -67 0-34 + 1-45 
5 and over 64 10-88 104 10-25 + 0-63 + 1°59 
Totals | 588 | 1000 | 1015 | 100-0 a 
z= 5-98, n = 4, p =0°2. 


* Difference exceeds twice its standard error. 


The percentage distributions of the two series 
are given by birth rank (Table II) and by maternal 
age (Table III). Table II reveals no consistent 
association with birth rank, but in Table III there 
is an excess of controls in the age group 23-27, and, 
more definitely, a preponderance of affected indi- 
viduals in the highest age group (38-48 years). The 
588 cases of known birth rank and maternal age 
include 35 mongols, which are mainly in the higher 
maternal age groups (fifteen are in the age group 
38-48 years). When these are excluded (Table III, 
col. 3), differences between the two series are 
not significant, although the trends remain. In view 
of the large number of early deaths, it is unlikely 
that all mongols in the series were identified, and the 
inclusion of a few unrecognized cases may easily 


























Affected Affected with Controls Difference 
Maternal Mongols excluded 
Age _— — 
(yrs) Per cent. Per cent. Per cent. | 
No. (a) No. (b) No. (c) (a) (c) (b) (c) 
Under 23 92 15-65 90 —«:16-30 iso. | 14-78 0-87 + 1-86 + 1°52 4 1-90 
23-27 156 26 -53 152 27 -54 321 31 -63 5-10 2 °37* 4-09 2-43 
28-32 151 25 -68 147 26 -63 275 27 -09 1-41 2-29 0-46 + 2°35 
33-37 110 18-71 100 18-12 176 17 -34 + 1°37 1 -98 + 0-78 2 -00 
38-48 79 13-44 63 11 -41 93 9-16 4-28 1 -60* 2°25 + 1°58. 
Total. 588 100-0 =| ~— 582 100 -0 1,015 100 -0 - me 
* Difference exceeds twice its standard error. 
For distributions (a) and (c): x* 10 -66 n=4 0-02 <p <0-05 
(b) and (c): x 4-50 n=4 0-3 p <0°5 
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explain the slight residual preponderance of affected 
in the highest age group. 

Distributions by birth rank when maternal age 
is constant, and by maternal age when birth rank 
is constant, have also been examined. The examina- 
tion revealed no definite association with either 
variable when mongols were excluded. 

For reasons discussed elsewhere (McKeown, 
MacMahon, and Record, 1951), consideration of 
maternal fertility in affected and controls is indis- 
pensable in the present method of examination of age 
and parity. The fertility of mothers of 100 cases 
of congenital heart disease selected at random 
from the series was compared with figures calculated 
for the controls in another inquiry. The results 
indicated that the distributions by birth rank and 
maternal age are unaffected by differences in 
maternal fertility. 

The specific cardiac defect was identified in 
239 of the 588 malformations of known birth rank 
and maternal age. (Diagnosis was accepted if 
confirmed post mortem, or, in the case of patent 
ductus arteriosus, at operation.) Distributions by 
birth rank and maternal age are given in Table IV. 
Three points may be noted: 

(1) Distributions of the 239 confirmed cases by birth 
rank and maternal age do not differ from those recorded 
in Tables II and III for the complete series. 

(2) The percentage of patients with patent ductus 
arteriosus who are firstborn is high (52-4), and differs 
significantly from that of controls (36-6: difference 
15-8 + 7-6). Criteria for inclusion were: 

(a) Confirmation at operation; there were nineteen 

cases (four males, fifteen females) of which ten 
(two males, eight females) were firstborn; 


(b) Pathological enlargement of the ductus found 
post mortem in the early months of life. 


The interpretation of the post-mortem findings in this 
group is difficult. One patient (a firstborn male) died 
at the age of 6 years and the lesion had been diagnosed 
by a consultant physician before death. Of the remainder 
(twelve males, ten females) the eldest was 7 months old 


and twelve were less than | week old at death. No case 
was included in this group unless the ductus was stated 
to be widely patent (in ten cases the ductus was said to 
be as wide as the aorta), but in view of the early age at 
death and the unusual sex ratio of the group, the diag- 
nosis cannot be relied on. A further seventeen patients 
not included in Table IV (six males, eleven females) 
aged from 3 to II years had been seen by consultant 
physicians and were considered on clinical grounds 
to have a patent ductus arteriosus. Eight of them were 
firstborn. If patients seen by consultants are combined 
with those diagnosed at operation, the percentage of 
firstborn is 51-4, which differs from the controls by 
14-8 + 8-1. In spite of the doubt about diagnosis in 
the cases seen post mortem, these results suggest that 
birth rank may be of aetiological importance in patent 
ductus arteriosus. 

(3) The proportion of patients in the group labelled 
“septal defects’’ who were born to mothers aged 38 years 
or over (23-9 per cent.) is high, and differs significantly 
from that in the control series (9-2, difference 14-7 +.3-8). 
The association of mongolism with defects of the atrial 
and ventricular septa has been noted by Abbott (1927), 
and Silvy (1934, quoted by Brown, 1939), and is also exhi- 
bited in the present series. If the nine mongols of known 
birth rank and maternal age are excluded, the percentage 
over 38 years is reduced to 21-4. As mentioned above, 
ascertainment of mongols is almostly certainly incomplete, 
and this group of septal defects may be supposed to 
contain relatively more “missed’”” mongols than other 
groups. This must be borne in mind when the excess of 
cases of high maternal age in the group is considered. 


OTHER FINDINGS.—The association of congenital 
heart disease with certain other variables was also 
examined, and the results, which are mainly negative, 
are briefly recorded. The series was distributed by 

(a) month and quarter-year of birth, 

(b) locality of domicile according to a classification 
of city wards described by Record and McKeown 
(1949). 

The distributions did not differ significantly 

from the corresponding distributions of all births 
in the city. 


TABLE IV 


NUMBERS OF MALFORMATIONS IN WHICH DIAGNOSIS WAS CONFIRMED AT OPERATION OR POST MORTEM AT 
DIFFERENT BIRTH RANKS AND MATERNAL AGES 
































Birth Rank Maternal Age (yrs) 
Malformation 4 and Under < oe 
I 2 3 over Total 23 23-27 28-32 33-37 38-48 Total 

Transposition of great vessels | 10 3 | +i] 3 33 5 i 10 6 1 | 33 
Persistent truncus arteriosus 4 2 1 16 6 | 4 0 1 16 
Pulmonary stenosis ; 6 2 ys 6 21 6 5 3 4 3 21 
Coarctation of aorta fe 9 8 4 4 25 5 6 5 4 5 25 
Septal defects ee 20 18 12 17 67 7 17 18 9 16 67 
Patent ductus arteriosus .. 22 8 5 7 42 10 14 3 8 7 42 
Other ie 12 7 7 9 35 6 10 8 9 2 35 
Tee ww tlw 88 60 44 4 239 45 68 s1 | 40 «| «35~«|~—(39 
Per cent. .. ae ~ (36 8) (25-1) (18-4) | (19-7) (100 -0) (18 -8) (28 -5) | (21-3) (16-7) (14 -6) (100 -0) 

(100 -0) (14-8) (31-6) | (27:1) (17-3) (9 +2) (100 -0) 


1,015 controls (per cent.) (36 °6) (30-3) | (14-2) (18-9) | 
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In the course of the inquiry, 477 mothers were 
interviewed and details of maternal health during 
pregnancy were recorded. Bacterial and viral 
diseases were the subject of a specific question. 
Results of a similar inquiry on 742 controls were 
available for comparison. There was no evidence 
of increase in the incidence of any of the common 
causes Of maternal ill health during pregnancy, or 
of association between any particular cause of 
ill health and a specific heart lesion. Only one 
mother (of a patient with unconfirmed patent ductus 
arteriosus and congenital deafness) gave a definite 
history of rubella. Another mother (the patient 
also had patent ductus arteriosus) had had an 
undiagnosed rash lasting 1 week. Both these 
illnesses occurred during the first trimester of 
pregnancy. 


DISCUSSION 


There have been two previous examinations of 
the association of congenital heart disease with 
birth rank and maternal age. Still (1927) reported 
that of 280 cases of congenital heart disease, 96 
(34-3 per cent.) were firstborn, as compared with 
18-5 per cent. in a control series. Lamy and 
Schweisguth (1950) concluded that neither birth 
rank nor maternal age had any effect in a series of 
304 cases, but gave no evidence in support of this 
statement. The findings in the present investigation 
suggest that cardiac malformations as a group are 
not associated with birth rank or maternal age, 
except in so far as they are associated with 
mongolism. Still's results are probably due to the 
method of selection of the control group, which 
was almost certainly deficient in the early birth 
ranks. 

Although useful as a preliminary, consideration 
of cardiac malformations as a group is far from 
ideal, and in Table IV specific malformations are 
examined separately. Of course numbers are small; 
nevertheless an association with birth rank is evident 
in the case of patent ductus arteriosus. This suggests 
that the environment influences the incidence of the 
defect, presumably at the time of birth when the 
ductus normally closes. In this connection the 
observations of Kennedy and Clark (1942) on the 
stimulation of closure by inhalation or intravenous 
injection of oxygen, and of Barclay (1946) on 
failure of the ductus to close when the general 
condition of the subject is poor, are of interest. 

Association has also been noted between inci- 
dence of septal defects and high maternal age. It 
seems likely that this is the result of the association 
of septal defects with mongolism, but on the 
present data it is not possible to provide confirmation. 


Although it is now established that congenital 
heart disease may result from rubella contracted 
by the mother during the early months of pregnancy, 
the number of such cases seems to be extremely 
small, even when allowance is made for the inaccu- 
racies of retrospective investigations. A history of 
rubella was elicited in five out of 434 cases by 
Dogramaci and Green (1947), in four out of 250 by 
Campbell (1949), in two out of 225 by Lamy and 
Schweisguth (1950), and in one, possibly two, out 
of 477 in the present inquiry. In reported cases of 
congenital heart disease following rubella, isolated 
cardiac defects are rare; in the great majority they 
are associated with cataract or congenital deafness. 
The fact that the great majority of patients with 
congenital heart disease do not exhibit these other 
malformations also suggests that maternal rubella 
accounts for no more than a small percentage of 
cardiac defects. 


SUMMARY 


(1) An attempt has been made to collect all 
known cases of congenital heart disease born to 
Birmingham mothers in the years 1940-49, by 
examination of: 

(a) post-mortem and clinical records of all Birmingham 

hospitals; 

(b) reports of school medical officers, 

(c) registers of infant deaths. 

For comparison, a control series consisting of 
every two-hundredth birth in the city over the same 
period is available. Data on birth rank and maternal 
age are recorded for 588 (92-9 per cent.) of 633 
affected, and for 1,015 (93-5 per cent.) of 1,086 
controls. 


(2) Distributions of affected and controls by 
birth rank and maternal age are compared. In 
the highest maternal age group examined (38-48) 
the proportion of affected is significantly higher 
than that of controls, but the difference is con- 
siderably reduced and is not significant when known 
mongols are excluded from the affected. There is 
no definite association with birth rank. 


(3) Diagnosis was confirmed at post mortem or 
operation in 239 of the 588 patients (Table IV). 
Numbers of cases of any specific cardiac defect are 
small, and the only conspicuous associations with 
birth rank or maternal age are exhibited by: 

(a) patent ductus arteriosus, which is more common in 

first births than in later births; 

(b) septal defects, which are unduly common in 

children of older mothers. 

(4) There is no evidence that the incidence of 
congenital heart disease is related to season of birth, 
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locality of domicile, or maternal ill health during 
pregnancy. 


For facilities in the collection of case records, I am 
indebted to the staff of the Birmingham Children’s 
Hospital, in particular Dr. Clifford Parsons who made 
available the records of the congenital heart clinic; 
to the staffs of all other Birmingham hospitals, in particu- 
lar Selly Oak and Dudley Road; to Dr. H. S. Baar, 
Dr. W. Whitelaw, and other hospital pathologists for 
access tO post-mortem material: to Dr. H. M. Cohen, 
Dr. M. E. Lemin, and their assistant school medical 
officers for organizing and executing an inquiry into 
the numbers of cases of congenital heart discase among 
school children; to Dr. Jean Mackintosh and the staff 
of the Maternity and Child Welfare Department for 
free access to departmental records. 


I am also greatly indebted to Miss M. §, 
Gradwell, who conducted the field inquiry in the homes 
of patients and assisted in the collection of case records, 
and to Dr. Audrey Heywood, who assisted in the analysis 
of the data. 
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OBSERVATIONS ON ALL BIRTHS (23,970) 
IN BIRMINGHAM, 1947* 


VIL. 


EFFECT OF CHANGING FAMILY SIZE 


ON INFANT MORTALITY 


BY 
J. R. GIBSON and THOMAS McKEOWN 


From the Department of Social Medicine, University of Birmingham 


The object of this communication is to enquire 
to what extent the reduction in infant mortality 
during the 20th century may be attributed to changes 
in family size. This important question was referred 
to in Volume XIII (Pt II) of the 1911 Census of 
England and Wales (p. xlix). The census recorded 
for each married woman the total number of 
children born alive, and the number living and dead 
at the time of the Census. This made it possible to 
relate mortality to family size (but not to order of 
birth), and it was noted that: 

Whatever the ages of the parents and the duration 
of marriage the increase of mortality with number of 
births is very great, the rates being generally three to 


five times as high for the largest families as for the 
smallest. 


On this evidence it was concluded that: 


The recent decline in the mortality of early life must 
to a considerable extent be attributable to the reduction 
in size of the family, and must to that extent be dis- 
counted as an indication of sanitary progress. Viewed 
in this light the fact that infant mortality rather 
increased than decreased during the closing years of 
the nineteenth century becomes all the more remark- 
able, since it did so notwithstanding both sanitary 
progress and rapid reduction of family size. 

The association between mortality and family 
size was not examined in the Censuses of 1921 and 
1931, although it has since been confirmed by 
Woodbury (1926), McKinlay (1929), Burns (1942), 
and Woolf (1947). 


MorTALITY RELATED TO BIRTH ORDER AND 
MATERNAL AGE 


The association of mortality with birth order 
and maternal age is explored on data for births 
delivered in Birmingham during 1947. An account 
of the material has previously been published 
(Gibson and McKeown, 1950). Although we are 
here concerned mainly with infant mortality, results 
On stillbirths and neonatal deaths are also included. 


*This research was assisted by a grant from the Birmingham University 
Students’ Social Services Fund. 
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TABLE I 


STILLBIRTH RATES (EXPRESSED PER THOUSAND TOTAL 
BIRTHS) RELATED TO MATERNAL AGE AND BIRTH RANK 

















(BIRMINGHAM, 1947). 
Birth Maternal Age (yrs) 
Rank — Total 
Under 25 25-29 30 and Over 

I 22-9 (93) | 29-7 (74) 46-6 (64) | 29-1(231) 

2 10-9 (16) 19-0 (44) 20 -4 (42) 17 -4(102) 

3 11-1 (4) 22-5 (23) 23 -3 (35) 21-5 (62) 
4 and 
Over 17-5 (2) 17-0 (12) 34-3 (87) 30 -1(101) 
Total 19 -2(115) 23 -4(153) 30 -5(228) 24 -8(496) 











Numbers in brackets are numbers of stillbirths. 


(a) STILLBIRTHS.—Table I illustrates the well-known 
association between incidence of stillbirths and 
parity and age of mother, upon which Yerushalmy 
(1938), Burns (1942), Sutherland (1946), Baird (1947), 
and Robinson (1947), among. others, have 
commented. 


(b) NEONATAL DEATHS.—At all ages, the incidence of 
neonatal deaths is higher for “4th and later’ births 
than for earlier births: there is no other consistent 
association with birth rank, and none with age 
(Table II). 


TABLE II 


NEONATAL MORTALITY RATES (EXPRESSED PER 
THOUSAND LIVE BIRTHS) RELATED TO MATERNAL AGE 














AND BIRTH RANK (BIRMINGHAM, 1947). 
Birth Maternal Age (yrs) 
Rank a Total 
Under 25 25-29 30 and Over 
1 18 -2 (72) 8-3 (20) 26-0 (34) 16 -4(126) 
2 19 -9 (29) 18-1 (41) 13-8 (28) 17-1 (98) 
3 14-1 (5) 16-0 (16) 15-7 (23) 15-6 (44) 
4 and 
Over 44-6 (5) 20-2 (14) 22-0 (54) 22 -4 (73) 
Total 18-111) | 14-3 G1) | 19-2139) | 17-5(341) 








Numbers in brackets are numbers of deaths in the first month of life 


On data recorded for New York State, 1936, 
Yerushalmy (1938) reported that the incidence of 
neonatal deaths was related to age and birth order 
in very much the same way as the incidence of still- 
births. It is scarcely surprising that there should be 
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some difference between results obtained in New 
York, 1936, and Birmingham, 1947, since the neo- 
natal mortality rates were respectively 31-2 and 17:5, 
and the relationship of incidence with age and birth 
rank is determined by the relative frequencies of 
different causes of death. Moreover, because of the 
smaller number of Birmingham births, it has been 
necessary to group the lower maternal ages at which 
a high incidence was observed on New York data. 


(c) INFANT DeatHs.—Table III indicates that infant 
mortality rates increase with increasing birth rank, 
and decrease with increasing maternal age. 


TABLE III 


INFANT MORTALITY RATES (EXPRESSED PER THOUSAND 
LIVE BIRTHS) RELATED TO MATERNAL AGE 
AND BIRTH RANK (BIRMINGHAM, 1947). 











Birth Maternal Age (yrs) 
Rank Total 
Under 25 25-29 30 and Over 
1 31 -3(124) 16°9 (41) 37 -4 (49) 27 -8(214) 
2 47 -4 (69) 34 -0.(77) 25-7 (52) | 36:°2(208) 
3 76:1 (27) 44-1 (44) 25 -2 (37) 38 -3(108) 
4 and 


Over 98 -2 (11) 59-2 (41) | 45-7(112) | 56-4(164) 





Total | 39-+2(231) 31 -8(203) 34 °5(250) 35 -6(694) 





The Infant Mortality rate is lower than that recorded for 
Birmingham by the Registrar-General mainly because all 
multiple births and births delivered after less than 28 weeks 
gestation have been excluded. 

Table IV (see also Fig. 1) shows that this associa- 
tion is due to deaths from infection, for there is no 
variation with maternal age and birth rank in the 
incidence of deaths from all causes other than 
infection. Rates are here expressed as deaths in 
the 2nd to 12th months per thousand infants alive 
at one month. 

On this evidence we are able 

(a) to attribute the association of infant mortality with 
birth rank and maternal age mainly to deaths from 
infection, 

(b) to interpret the association as evidence of environ- 
mental influence. 





THOMAS McKEOWN 


What we are unable to do is to specify the nature 
of environmental influence, which we may consider 
briefly before proceeding to an examination of 
the effect of changing family size on mortality. 











Rate 
30 
x 
20: 
x 
x 
INFECTION \_ 
x 
hes 
10 
‘ OTHER CAUSES 
Pe a ae cass O----0- 
nd - et ® 
i 2 3 4eover under 25 25-29 308over 
Birth Rank Maternal Age (years) 
Fic. 1.—Incidence of deaths in 2nd to 12th month related 
to birth rank and maternal age. All Ward Groups (see 
Table IV). 


A classification of all births in a city by maternal 
age and order of birth (as in Tables I-IV) is in- 
evitably to some extent a classification by economic 
circumstances of parents, since in general, well-to- 
do mothers are older and have fewer children than 
poor mothers. We therefore enquire whether the 
association of incidence of deaths from infection with 
the two variables exists independently of differences 
in economic circumstances. For this purpose births 
have been assigned by place of domicile to one of 
three Ward Groups, identified essentially on the basis 
of the standard of housing (Record and McKeown, 
1949). Results exhibited in Fig. 2 indicate, first, that 
the relation between incidence and birth rank is 
present in all ward groups, but is most marked in 


TABLE IV 
INCIDENCE OF DEATHS FROM INFECTION AND OTHER CAUSES IN 2np TO 121TH MONTH 
(EXPRESSED PER THOUSAND INFANTS ALIVE AT | MONTH) RELATED TO BIRTH RANK AND MATERNAL AGE 
(BIRMINGHAM, 1947). 





| Maternal Age (yrs) 

















Total 
Birth Under 25 25-29 30 and Over 
Rank -- _ 
Deaths from Deaths from Deaths from Deaths from Deaths from Deaths from Deaths from Deaths from 
Infection Other Causes Infection Other Causes Infection Other Causes Infection Other Causes 
1 10-6 2°8 5°8 29 9-4 2:3 8-8 (67) 2°8 (21) 
2 21 °7 6-3 13-0 3:1 7°5 4°5 13-2 (75) 4-4 (25) 
3 $7 -2 5°7 23 °3 5:1 6-9 2°8 19-0 (53) 3°9 (11) 
4 and 
Over 55-6 0-0 35-5 4-4 21-2 2°9 25°5 (81) 3-1 (10) 
Total 16-9 (98) 3 -8 (22) 14 -3 (90) 3 -5 (22) 12 -3 (88) 3-2 (23) 14 -4(276) 3+ 5(67) 
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Fic. 2.—Incidence of deaths from infection in 2nd to 12th 
month related to birth rank and maternal age. Ward 
Groups I, II, and III. 


Ward Group I (the poorest); and second, that in- 
cidence is definitely related to age in Ward Group | 
only. 

There are of course differences in economic 
circumstances of parents within the same ward 
group. This difficulty may partly be overcome by 
comparing children of mothers in the same age 
group, as in Fig. 3. (Nevertheless differences 
remain, for, of two families with the same gross 
income, the larger will in effect be the poorer.) Be- 
cause their respective death rates from infection 
(shown in Fig. 2) are not very different, Ward Groups 
Il and III have been combined. The most satisfactory 
result of this treatment is that it permits us to 
identify a group of children (of mothers aged ‘30 
and over” in Groups II and III) whose risk of death 
from infection is not consistently related to birth 
rank. As would be expected, the same treatment 
has exaggerated the increment in the younger 
maternal age groups, and for children of mothers 
“under 25” in Group I the incidence of death from 
infection is about eight times higher for “4th and 
later’ children than for the first born. 

We conclude that the incidence of death from 
infection in the first year of life (which mainly 
determines the association of infant mortality with 
birth rank) is not consistently related to position 
in family for children in the most favourable en- 
vironmental circumstances, but is greatly increased 
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Fic. 3.—Incidence of deaths from infection in 2nd to 12th 
month related to birth rank and maternal age in Ward 
Group I, and in Ward Groups II and III. 


for later born children in an unfavourable environ- 
ment. It seems reasonable to suppose that the 
increased risk to later births in poor circumstances 
is due, at least in part, to increased infection conveyed 
by older siblings. 


EFFECT OF CHANGING FAMILY SIZE ON 
MorTALITY 


The observation that mortality is associated with 
size of family has inevitably provoked the suggestion 
that changes in family size must have contributed to 
the reduction in infant mortality. The relevant 
passage in Volume XIII of the 1911 Census has 
already been quoted in the opening paragraph, and 
one of a number of remarkable conclusions drawn 
by Burns (1942) from useful data is as follows: 

A major factor in the reduction of the infant death rate 
in this century has been just the substitution of the small 
for the large family. 

As a preliminary to an assessment of the effect of 
changing family size on infant mortality we have 
estimated for children born in England and Wales in 
the period 1906-10 the distribution according to 
order of birth and maternal age. This information 
has been published in the Registrar-General’s 
Reviews only since 1938. 

Details of the method are given in the Appendix, and 
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TABLE V 


DISTRIBUTION BY BIRTH RANK AND MATERNAL AGE OF LEGITIMATE LIVE BIRTHS DELIVERED 
IN ENGLAND AND WALES, 1906-10 (ESTIMATED*) AND 1947 (OBSERVED). 





Maternal Age (yrs) 

















Birth — Total 
Rank Under 25 25-29 30 and Over 
1906-1910 1947 1906-1910 1947 1906-1910 1947 1906-1910 1947 
1 | 100 20 +6 70 14-8 4-7 9°1 21-7 45 
s 5-0 6-2 69 It-l 72 12-3 19-1 29 6 
3 | 2-1 1-3 5-5 4-2 8:1 78 15-7 13-3 
4 and 
Over 1-2 0-3 68 2+1 35°5 10-2 43-5 12-6 
Total | 183 28-4 26-2 32-2 55 °5 39-4 100 0—St«CS:si‘(<«‘CiN 
(848,570) (808,961) 
" *For method of estimation see Appendix. 
Table V compares the estimated distribution of births distribution of children born in 1906-10. As 


in 1906-10 with that observed in 1947. The in- 
creased proportion of children in the later birth 
ranks in the earlier period is of course expected; 
the higher proportion of mothers in the upper age 
groups may not be, unless it is recognized that the 
distribution by maternal age is affected more by 
the later age to which reproduction continued than 
by the early age at which it began. 

Finally we have applied the Birmingham 1947 
mortality rates for each birth rank and maternal age 
group (recorded in Tables I, II, and III for still- 
births, neonatal deaths, and infant deaths res- 
pectively) to the births of England and Wales 
distributed as in Table V, 

(a) for 1906-10 (estimated), 
(b) for 1947 (observed). 


The results (given in Table VI) show that the 
change in the distribution of births between the two 
periods would have had very little effect on stillbirth 
and neonatal mortality rates, had mortality rates 
for each birth rank and maternal age group remained 
unchanged. The effect on infant mortality is more 
substantial, the expected rates for 1906-10 and 1947 
being 39-8 and 33-2 respectively. But the observed 
rates were 117-1 (1906-10) and 41-4 (1947), so that 
only a small part of the reduction can be attributed 
to the changed distribution of births by birth order 
and maternal age. 

Before accepting this conclusion we should con- 
sider the possible effect of error in the estimate of the 


explained in the appendix, it was necessary to assume 
that fertility remained unchanged in the 30 years 
preceding the Census, which quite certainly it did 
not. The trends observed between 1906-10 and 1947 
(to smaller families completed at younger maternal 
ages) existed earlier, and it can be shown that the 
distribution 1906-10 is overweighted with children 
in the later birth ranks and at higher maternal ages. 
That is to say the differences between the distribu- 
tions at the two periods are probably not as great as is 
indicated in Table V, and we have therefore exagger- 
ated the difference in mortality rates which can be 
attributed to changes in the distribution of births by 
birth rank and maternal age. 


SUMMARY 


(1) Data for births delivered in Birmingham during 
1947 are used to explore the association between 
stillbirth, neonatal mortality, and infant mortality 
rates and maternal age and birth order. It is shown 
that infant mortality increases with increasing birth 
order and decreases with increasing maternal age, 
and that in both cases the association is mainly due 
to deaths from infection. There is no consistent 
relationship between the incidence of deaths from 
infection and position in family for children in the 
most favourable environmental circumstances. 


(2) The effect on stillbirth, neonatal mortality, and 
infant mortality rates of changes which have occurred 


TABLE VI 
OBSERVED AND EXPECTED MORTALITY RATES. 





England and Wales, 1947 


England and Wales, 1906-10 











Rate Birmingham, 1947 —— (eidanticalecmc tht Lie 
Expected* Observed Expected* Observed 
Stillbirth 24°8 25-4 24:1 26 -6 40-1 (in 1928)+ 
Neo-Natal Mortality 17-5 17-1 22-7 18-9 40 -2 
Infant Mortality 35 -6 33-2 41-4 39 8 117-1 





*See text for method of estimation. 
+1928 is the first year for which the stillbirth rate is available. 
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in the distribution of births by birth rank and mater- 
nal age during the 20th century is examined. For 
this purpose Birmingham 1947 mortality rates are 
applied to births delivered in England and Wales 

(a) in the period 1906-10, whose distribution by 
maternal age and birth order is estimated from data 
supplied in the 1911 Census, 

(b) in 1947, whose distribution is given in the Registrar- 
General’s Annual Review. 


(3) The results suggest that had mortality rates for 
each birth rank and maternal age group remained 
unchanged, the change in the distribution of births 
between the two periods would have had very little 
effect on stillbirth and neonatal mortality rates, and 
could account for only a small part of the observed 
reduction in infant mortality. 
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APPENDIX 


METHOD OF ESTIMATING THE DISTRIBUTION BY BIRTH RANK AND MATERNAL AGE OF CHILDREN 
BORN IN THE PERIOD 1906-1910 


(1) Volume XIII, Part II, of the 1911 Census of 
England and Wales gives, according to age of wife at 
marriage and duration of marriage, 

(a) the number of wives (shown as the number of 
couples in Table 18), 

(b) the number of children in families of stated size 
(Table 20B). 

From (4), the number of children in each birth 
rank is estimated for each group defined by age at 
marriage and duration of marriage. 


(2) By relating the number of children in each birth 
rank to the number of wives [l(a)], an estimate is 
made of the distribution by birth rank of children 
born to 1,000 wives in each group. 


(3) We require for each group the distribution by 
birth rank of children born in the 5 years preceding 
the Census (1906-10). This can be obtained if we 
assume that fertility did not change over the period 
under consideration. For example, from the calcu- 
lations in (2) we know, for women married at ages 
30-34, the birth rank distribution of children 

(i) of 1,000 wives married 0-4 years, 
(ii) of 1,000 wives married 5-9 vears. 

By subtracting the values of (i) from the corres- 

ponding values of (ii) we obtain the distribution of 


children born to women, aged 30—34 at marriage and 
married 5-9 years, in the second 5 years of marriage 
(i.e. the 5 years preceding the Census). In the same 
way we can estimate, for wives at each age and 
duration of marriage, the birth rank distribution of 
children born in the period 1906-10. 


(4) The distribution of children by birth rank in 
(3) is given for 1,000 women in each group. The 
actual number of children in each birth rank is 
obtained by applying the estimated incidence per 
1,000 to the actual number of wives in each group 
[1(a) above]. 


(5) To obtain the distribution of births (1906—10) 
by maternal age and birth rank it is only necessary 
to translate age of wives at marriage into maternal 
age in the period of 1906-10. This is readily done, 
since we know the duration of marriage. 


(6) The estimated total number of live births 
(848,570) corresponds closely with the mean annual 
number of live births reported by the Registrar- 
General for the period 1906-10 (883,937). Some 
error is undoubtedly introduced by the necessary 
assumption that fertility did not change in the 
preceding 30 years. 
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SELECTIVE LIMITATION OF SIBSHIP SIZE 


BY 


LANCELOT HOGBEN 


From the Department of Medical Statistics, University of Birmingham 


The belief that a morbid condition is attributable 
to their genes may lead parents to limit the size 
of the sibship in two ways. If the belief precedes 
the birth of an affected individual (A), the parents 
may decline to take the risk of producing another. 
We may then say that the criterion of termination 
is A = 1. If they have no such preconception, the 
birth of a second affected sib may lead them to the 
same conclusion with the same result. We may then 
say that the criterion of termination is A = 2. Such 
contingencies raise the question: does the decision 
to terminate the sibship affect the expected propor- 
tion of affected individuals in an otherwise random 
selection of fraternities ? 

The issue so stated arises frequently in familial 
studies; and the answer is not so simple as it might 
appear to be. To clarify it, we shall initially postulate 
a fixed target value of s, the size the sibship would 
attain in the absence of any indication relevant 
to the criterion of termination. This assumption 
implies the existence of some fraternities which 
consist of s members, none of them affected. If 
p = (1 — q) be the probability that an individual 
of given parentage will be affected, the probability 
of this occurrence is g°; and p is also the expected 
proportion of affected sibs in a complete pool of 
s-fold fraternities chosen randomwise. 

We may hope to obtain a complete pool in this 
sense, if the criterion of ascertainment is the pheno- 
type of one or both parents, as when the relevant 
morbid condition is Hereditary in the sense formerly 
current in medical literature. The problem is then 
on all fours with the issue: what would happen 
if all parents terminated the sibship on the arrival 
of a boy? When our concern is with so-called 
familial conditions, the method of ascertainment 
excludes fraternities containing no affected members. 
The expected proportion of affected sibs in a pool 
of a-fold fraternities, otherwise chosen at random, 
will then be greater than p, being in fact 


_?P 
P; 1 nal q¢ 
2) distinguished 
the alternative 


Thus each case (A 1 and A 
above invites examination on 
assumptions that ascertainment is: 





(1) complete: 
(II) partial in the sense that all recorded sibships 
contain at least one affected member. 


I. ASCERTAINMENT CompPLeETE.—If the criterion of 
termination is A = 1, the probability (pg@~') that a 
sibship will contain one affected sib, preceded by (a — 1) 
not affected is the probability that a completed family 
containing at least one affected will consist of a sibs. 
The total number of sibs is a times the number of 
affected sibs in such a sibship. There will also be a sib- 
ship which terminates without producing an affected 
member. If s is the maximum size of the sibship, the 
probability of this occurrence is g’. If the method of 
ascertainment is through the parents, we shall include 
such sibships and the expected proportion of affected 
sibs is: 
a S 


Pp 3 pq@ 1 


a~>l 





a Ss 


sq’ > > apq“ 


a=>l 


When the criterion of termination is A = 2, the com- 
pleted a-fold family containing two affected sibs is 
one in which a sequence of (a — 1) containing only one 
affected sib precedes an affected sib of birth rank a. The 
probability of this occurrence is (a — 1) p2g@ 2. Among 
such sibships the ratio of all sibs to those affected is 
a:2. If s is the maximum size of the family, there will 
be sibships containing only one affected sib and sibships 
containing none. The probabilities of these occurrences 
are respectively spg’ ! and gq’. The ratio of total to 
affected in the sibships with only one affected member 





is s : 1. If ascertainment is complete we therefore derive: 
a Ss 
spg ' 4 es 2(a — 1)p?q* 2 
a=2 oi 
Po we er. 
sq’ + s2pq 1 Po ala 1) p2g@ 2 
a=2 


To evaluate (ii) we require the following summation 
formulae: 

a Ss 

>, pg! =1-—4, 

a=1 

a Ss 


>, ag! =p 


a=l 


and lq] 
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Whence, from (ii), we obtain for complete ascertainment 


when the criterion of termination.is A 1. Po =p. To 
evaluate (iii) we require the additional identity: 
a=s 
Zz. a(a — 1) p2q*~? 
a=2 
2(1 — q’) 
—— — s2pq’_ | — sq’ '(1 + q). (v) 
Pp 
Whence we obtain again p, — p, when A = 2. Thus 


the decision to terminate the sibship when A = | or 
A = 2 does not lead to a biassed estimate of p, if ascer- 
tainment is complete. It is easy to discern the pattern 
common to the two cases specified by (ii) and (iii), 
hence to show that the result stated holds good for 
A= 3, etc. Since the target value s does not enter 
into the outcome, the argument holds good for any value 
s may have; and the arbitrariness of the initial assump- 
tion that s has a fixed value does not invalidate it. 


Il. ASCERTAINMENT PARTIAL.—For a sibship of a 
members (i) prescribes ap (1 — gq“) ' as the expected 
number of affected sibs in fraternities containing at 
least one such. If N, is the observed number of affected 
in N a-fold sibships which terminate in the production 
of an affected sib, and E, is the expected number cal- 
culated on the assumption that the production of an 
affected sib does not influence the decision of the parents 
to terminate the sibship, 

Na .- q@ 
then — = ——————- 
E, a(l—q) 
For a = 1, 2, 3 etc. the values of this ratio are: 

l+q l+qt+q@ 


l , , 
2 3 


Since we assume that g < |, all the terms of this series 
are less than unity if a > 2. Thus N, < E, for all values 
of a > 2. In short, the effect of deliberate termination 
of the sibship upon the arrival of an affected sib must 
make the number of affected less than the expectation 
computed in accordance with (i). 

When A 1, every sibship in a pool of fraternities 
containing at least one affected member will conform 
to the criterion of termination; but s-fold fraternities 
may contain two or one when A = 2, since the sibship 
may reach its limiting size without the birth of a second 
affected member. If nm, is the number of fraternities 
of a sibs, the expected proportion of affected sibs com- 
puted in accordance with (/) will in any case be: 


@a=s 


>, Na ap (1 — gy! 
a=2 
a s 
» 
a=2 





, © ee ee etc. 





Pe = 


To see what value p, would have when we apply (i) to 
a pool of sibships selectively limited in accordance with 
the criterion of termination A = 2, we have to weight 


(a) each a-fold sibship for values of a from 2 to (s — 1) 
in conformity with the prescribed distribution of 
family size, mn, being thus proportional to 
(a — 1) p*q*?; 


(b) s-fold families with due regard to those which 
terminate without producing more than one 
affected sib, so that am, is proportional to 
(s — 1) p?g’ 2 +. spq’ 


We should thus obtain: 
a AY 


epg ~g)! | >. ala -1)p3a*(1 -g@)! 


a=2 





Pe oc QeD 


a Ss 


s*pq>! | >" ala 1)p2q*-2 


a=2 


The corresponding value of p, obtainable from (iii) 
by elimination of one term in the denominator is: 


a Ss 


spqg' 4 > 2 (a — 1)p2q* 


a=2 a 
Po eso ee 
a Ss 


5 


t 





N 


1 > ala— ip>q" 


a=2 


s*pq° 


The case p = $ is of minor interest in this context, 
since it implies that one parent is affected. Thus the 
appearance of a single affected offspring would suggest 
what in common parlance is a family taint. Thus the 
considerations likely to lead to A = 2 as the criterion 
of termination when neither parent is affected (p = }) 
would dictate A 1 as the criterion when in the alterna- 
tive situation. We need only therefore examine the 
values of pe and p, as exhibited in (vi) and (vii) for 
different values of s, the assumed absolute limit to 
fraternity size: 


5 Po Pe 

2 0-571 0-571 
3 0-439 0-443 
4 0-376 0-383 
5 0-339 0-350 


Thus there is a bias in the direction we might 
surmise from a consideration of the case A = 1; 
but it is trivial in situations involving family 
limitation as commonly practised in contemporary 
civilization. 
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BIRTH WEIGHTS OF SOUTH AFRICAN BABIES 
lil. SEASONAL VARIATION IN BIRTH WEIGHT 


BY 


EVA J. SALBER* AND EVELYN S. BRADSHAW 


Institute of Family and Community Health, Union Health Department, Durban, Union of South Africa. 


Reports on seasonal variation in birth weight are 
conflicting and inconclusive. No variation was 
observed by Brenton (1922) or by Bakwin and 
Bakwin (1929); babies born in the summer were 
said by Murray (1924), Abels (1926), Toverud (1933), 
Bivings (1934), Li (1936), and Donald (1939) to be 
heavier than those born in the winter; Adersen (1899) 
reported that babies born in the winter were 
heavier. 

We have previously examined the birth weights 
of South African babies in relation to racial group, 
sex, and birth rank. (Salber and Bradshaw, 1951 a, b). 
The data were obtained from records of 3,165 
European, 1,058 Colouredt, 2,190 Bantu, and 
1,403 Indian births in Durban, Capetown, and 
Pietermaritzburg. Using the same data, we here 
explore the possibility of seasonal variation in 
birth weight. 

It has been shown that distribution of births by 
birth rank is very different in the four racial groups; 
for example over 20 per cent. of the Indian babies 
are of birth rank “6 and over” as compared with 
less than | per cent. of the European babies (Salber 
and Bradshaw, 1951b). Since it is also known that 
mean birth weight is related to birth order (Pearson, 
1914; Martin, 1931), we have separated our data, as 
far as numbers permit, according to birth rank, and 
for each of the four racial groups the mean weight 
of babies born during the South African summer 
(October to March) is compared with the mean 
birth weight of winter-born babies of the same sex 
and birth rank. The number of European babies 
of birth rank “6 and over” (eighteen males and 
twelve females) was too small to permit subdivision 
by season of birth; they have therefore been omitted 
from the Table. 


RESULTS 


In none of the four racial groups is there any 
appreciable difference between the mean weights 
of summer-born and winter-born babies of birth 


* Senior Bursar, Social Medicine Research Unit, Council for 
Scientific and Industrial Research. 

+ Coloured people are persons of mixed race, at least one of whose 
progenitors is a European. 


ranks | or 2-5. In the group ‘6 and over’’, however, 
some seasonal variation is apparent. The variation 
is most obvious in the case of Indian babies, summer- 
born infants of both sexes being heavier than those 
born in the winter (males 0-52 -+ 0-24 Ib. heavier). 
and females 0-77 -+- 0-22 Ib. heavier). There also 
appears to be some seasonal variation in the 
birth weight of Coloured and Bantu females, but 
the males of both these racial groups show no 
appreciable variation. Like Indian babies, female 
Coloured babies are heavier in the summer months 
(by 0-85 + 0-32 Ib.); female Bantu babies on the 
other hand are apparently heavier when born in the 
winter months (by 0-44 + 0-20 Ib.). 


DISCUSSION 


Indian babies show more seasonal variation in 
birth weights than the other racial groups. Those 
born in summer are heavier than those born in 
winter. At the lower parities this difference is 
insignificant, but at birth rank ‘‘6 and over” the 
seasonal variation is unequivocal, and for both 
sexes is approximately half a pound. 

It is possible that seasonal variation in birth 
weight, where it exists, may be related to gross 
maternal malnutrition. If this is so, one might 
expect to find a more pronounced variation at the 
higher birth ranks, where the strain of repeated 
pregnancies and lactations further undermines the 
nutritional state of the mother. In Durban poor 
Indians are certainly the. worst nourished of the 
four racial groups (Kark, 1951), and the majority 
of the Indian babies in this series were born to 
mothers falling into this category. 

If this is indeed the explanation of our findings, 
it is difficult to see why female infants should be 
subject to greater seasonal variation than males, 
or why female Bantu babies should be heavier at 
birth in the winter months. 


SUMMARY 


The relation between season of birth and birth 
weight in South African babies is explored by racial 
group, sex, and birth rank. The data used were 
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19] 


TABLE 
MEAN WEIGHT OF BIRTHS RELATED TO BIRTH RANK AND SEASON OF BIRTH 




































































| Sex Male Female 
Race Pee aw snes passeneniaeasibitiattiantiaiininpeinipilidiiatamapinililighaaninids 
| Birth Rank 1 2-$ 6 and over I 2-$ 6 and over 
—— | T Sesame Ge) 7-40 7-80 o 7-23 7-54 s 
Season (424) (410) (357) (403) 
of — ee 
European Birth Winter (b) 7-51 7-79 — 7-20 7 -64 _— 
(394) (371) (376) (400) 
‘Difference (a2 — 6) — O-ll + 0-08 + 0-01 + 0-09 oan 0-03 - 0-08 — 0-10 + 0-08 ye 
a Summer(a)| ‘6-79 7-05 7-59 6-53 7-03 7-43 
Season (87) (115) (40) (81) (119) (39) 
of ee 
Coloured Birth Winter (>) 6-61 7 -06 7-70 6-58 6-94 6-58 
(117) (141) (38) (109) (140) (32) 
” Difference (a— 6b) + 0-18 + 0-16, — 0-01 +. 0-15| — O-ll + 0°36 — 0-05 + 0-15, + 0-09 + 0-14. + 0-85 + 0-32 
~~ T Summer(a)| 698 7-31 7-27 6 -60 6-94 6-93 
Season (174) (335) (43) (189) (290) (52) 
of - a _ $< $$$ ______ 
Bantu Birth Winter (5) 6-79 7-25 7 -40 6 -67 6-99 7-37 
(176) (349) (58) (169) (300) (61) 
"Difference (a@— 6) + 0-15 - O-11 | + 0-06 + 0-09 | — 0-13 4 0:29 — 0-07 + 0:10, — 0-05 + 0-09 — 0-44 + 0-20 
rs as are 6:29 6-72 7-13 6-19 6-61 7-08 
Season (107) (179) (64) (108) (149) (80) 
of —_ — —_— — | $$ 
Indian Birth | Winter (b) 6-17 6 -65 6-61 6-13 6-38 6-31 
(88) (201) (76) (102) (158) (91) 
Difference (a — b) | + O-12 + 0-14| + 0-07 + O-12| + 0-52 + 0-24| + 0-06 + 0-14| + 0-23 + 0-12| + 0-77 + 0-22 





obtained from records of 3,165 European, 1,058 
Coloured, 2,190 Bantu, and 1,403 Indian births in 
Durban, Capetown, and Pietermaritzburg. The 
following conclusions were reached: 

(1) At birth ranks | and 2-5, there is no appreciable 
difference between the mean weights of summer-born 
and winter-born babies in any of the four racial groups. 

(2) At birth rank “6 and over’, both male and female 
Indian babies born in the summer months are heavier 


than those born in the winter months, males by 
0:52 + 0-24 Ib. and females by 0-77 + 0-22 Ib., 
respectively. 


(3) Results for Coloured and Bantu babies of high 
birth rank are conflicting. The males of both these racial 
groups show no appreciable seasonal variation, but 
female Coloured babies are 0-85 + 0-32 Ib. heavier 
in the summer months, and female Bantu babies are 
0:44 + 0-20 lb. heavier in the winter months. 


(4) The number of European babies of high birth 
rank is too small to permit a seasonal comparison. 


No satisfactory explanation is offered for these 
anomalous findings. 


We wish to thank Dr. G. W. Gale, Secretary for 
Health, Union Health Department, for permission to 
publish this paper, and Dr. S. L. Kark, Medical Officer- 
in-Charge, Institute of Family and Community Health, 
Durban, for his continued guidance and criticism. We 
are indebted to the staffs of the various hospitals who so 
kindly co-operated in placing their records at our disposal. 
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RELATIVE FREQUENCIES AND SEX DISTRIBUTIONS OF 
HUMAN MULTIPLE BIRTHS 


BY 


R. G. RECORD 


From the Department of Social Medicine, University of Birmingham 


Hellin (1895) published evidence indicating that 
the relative frequencies of multiple births conform 
to a simple mathematical relationship which may be 
expressed thus: 

The frequency of triplet maternities is equal to the 
square of the frequency of twin maternities, and the 
frequency of quadruplet maternities is equal to its cube. 

Stated in general terms, if f is the frequency of 
twin litters, the frequency of litters of size n is 
equal to f”~'. This expression has since been 
tested many times. Although discrepancies between 
predicted and observed values have been noted 
(Strandskov, 1945), they appear not to have dispelled 
belief in the validity of the relationship which, it 
would appear, has now acquired the status of a 
“law”. 


EXAMINATION OF THE VALIDITY OF HELLIN’S LAW 


(1) StatisticaAL.—There is, perhaps, little objection 
to the use of Hellin’s law as a crude method 
of predicting the incidence of multiple births. But 
its acceptance leads to the inference that triplet 
production can be understood as the random 
operation of a second twinning process in a twin 
conception. In a similar way, quadruplets can be 
explained as arising from a triplet conception in 
which further twinning occurs. Representing the 
frequencies of dizygous and monozygous twin 
maternities respectively by a and hb, we should 
predict from Hellin’s law that the frequency of 
triplet maternities is (a + 5)”. The successive terms 
of this expression, a*, 2ab, and b?, represent the 
frequencies of trizygous, dizygous, and monozygous 
triplets respectively. Hellin’s law, therefore, leads 
us to conclude that trizygous triplets result from a 
repetition of the process of dizygous twinning, that 
dizygous triplets represent the simultaneous occur- 
rence of dizygous and monozygous twinning, and 
that monozygous triplets arise from a repetition of 
the process of monozygous twinning. 

This use of Hellin’s law was exploited by Jenkins 
and Gwin (1940) in their analysis of the interrelations 
of the frequencies of plural births based on 25 million 
births which occurred in the United States Birth 
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Registration Area in the years 1923-24 and 1927-36. 
By plotting, for each maternal age group, the triplet 
frequency (y) against the square of the twin fre- 
quency (x), they obtained a straight line of equation 


y = 0-656x + 0-00001318. 
Substituting (a + 5)? for x, this was written 
y=0- 656a"+ 0-656 (2ab)+0-656b+-0- 00001318. 


Values for a and b were estimated by Weinberg’s 
method from the sex distributions of twins at each 
maternal age group. Thus estimates of the trizygous 
triplet frequency (0-656a") and of the dizygous 
triplet frequency (0-656 « 2ab) were obtained. 
Since the rate of monozygous twinning is only 
slightly dependent on maternal age, it was concluded 
that the constant term formed part of the monozy- 
gous triplet frequency, its total value being 
0-656b" + 0-00001318. (Jenkins and Gwin erron- 
eously used 4? + 0-00001318 in calculating the 
frequency of monozygous triplets.) The proportion 
of like-sexed triplet sets was derived from the 
relative proportions at each age group of trizygous, 
dizygous, and monozygous sets, assuming one 
quarter of the trizygous, one half of the dizygous, 
and all of the monozygous to be of like sex. The 
close agreement between observed (51-85) and 
predicted (51-74) values of the percentage of like- 
sexed sets was offered as confirmation of the accuracy 
of the equation. Jenkins and Gwin concluded that 
the occurrence of trizygous triplets may be under- 
stood as a double instance of dizygous twinning, 
and that of dizygous triplets as the simultaneous 
occurrence of dizygous and monozygous twinning, 
the coefficient 0-656 being interpreted as_ the 
in utero survival rate of trizygous and dizygous 
triplets as compared with dizygous twins. They 
considered the occurrence of monozygous triplets 
to be “a related but independent phenomenon 
governed by its own constant’. 

Applying the same method to births registered in 
England and Wales in the period July, 1938, to 
December, 1948, Waterhouse (1950) derived a 
monozygous triplet frequency equal to 

0-596h? + 0-00000742. 

















FREQUENCIES AND SEX DISTRIBUTIONS OF MULTIPLE BIRTHS 193 


Substituting for 5 in this expression, he obtained a 
value for the monozygous triplet frequency in excess 
of b*. He concluded: 


Such an outcome appears unlikely, for it would imply 
either that spontaneous division of a single fertilized 
ovum at some stage of its development into three resultant 
embryos occurs rather more frequently than probability 
dictates, or that monozygous triplet embryos are more 
viable not only than other types of triplets but than 
monozygous twins. 

(a) Observed Frequencies of Triplets and Quadruplets 
compared with Expected Frequencies derived from 
Hellin’s Law.—Since July 1, 1938, when the Population 
(Statistics) Act, 1938, came into operation, the Registrar- 
General for England and Wales has published in his 
Statistical Review (Pt. II, Civil) details of all registered 
live births and stillbirths. The data include maternal 
age, and the sexes of infants of multiple maternities. 
During the 113-year period ending December 31, 1949, 
for which these data are now available, 8,224,585 mater- 
nities were registered; of these 99,971 resulted in twins, 
842 in triplets, and 16 in quadruplets (Table I). Although 


less extensive than the United States series used by 
Jenkins and Gwin, the statistics for England and Wales 
are more satisfactory, since they include all stillbirths 
(the United States series excluded multiple maternities 
in which all the foetuses were born dead) and they give 
the sex distribution of multiple births at each maternal 
age group. 

Using these data firstly in a simple examination of the 
validity of Hellin’s law (Table II, col. a), we may note 
that the observed and predicted values of the quadruplet 
frequencies are roughly similar, but that the observed 
triplet frequency is substantially below the predicted 
value. The discrepancy could be accounted for by 
assuming that in utero mortality of triplets is considerably 
in excess of that of twins. But the mortality of quadru- 
plets might reasonably be expected to be at least as 
great as that of triplets, and we should not therefore 
be misusing Hellin’s law if we estimated the maximum 
quadruplet frequency by multiplying the observed 
triplet frequency by the twin frequency. This estimate 
of the quadruplet frequency is 1-244 per million mater- 
nities which is substantially lower than the observed 
value of 1-945 per million. 


TABLE | 


NUMBERS OF TWIN, TRIPLET, AND QUADRUPLET MATERNITIES ACCORDING TO MATERNAL AGE 
(ENGLAND AND WALES, JULY, 1938-DECEMBER, 1949) 
































; Maternal Age Total 
Maternities — Maternities Age not Total 
Under 40 and of Known Stated 
20 20- 25- 30- 35- Over Age 

Twin 

MM .. ~~ ea _ 747 6,426 9,746 8,820 5,762 1,476 32,977 113 33,090 

PP os 7 ee oe 717 6,000 9,257 8,228 5,482 1,448 31,132 128 31,260 

Mme aa she ss 447 5,521 10,481 10,240 7,195 1,619 35,503 118 35,621 

Total 7 et ore 1,911 17,947 29,484 27,288 18,439 4,543 99,612 359 99,971 
Triplet 

MMM 4 23 59 56 43 7 192 2 194 

FF... ‘a ae +“ 1 42 49 55 42 10 199 - 199 

MMF oan es — 2 29 48 53 48 14 194 I 195 

MFF i vei 2 30 66 87 62 6 253 l 254 

Total 9 124 222 251 195 37 838 4 842 
Quadruplet 

Like-sexed 3 I 4 l - - 6 ~ 6 

Total - a we - 2 8 1 4 1 16 - 16 
Total Maternicies 

(Single and Multiple) 310,101 2,068,410 2,504,221 1,858,839 1,087,986 358,796 8,188,353 36,232 8,224,585 





TABLE II 
INCIDENCE OF MULTIPLE MATERNITIES 





England and Wales (1938-49) 


Eighteen Countries 
—- (Greulich, 1930) 





Maternities 
(a) All Maternal Ages 


(b) Known Ages* (c) 





Twin Observed (x) 


11-7687 per thousand 

















12-1551 per thousand 12-1651 per thousand 
Triplet Observed (¥) - = 102-38 per million 102-34 per million 118-59 per million 
Predicted (x*) .. se 147-75 per million 156-96 per million 138-50 per million 
Quadruplet Observed soe - 1-945 per million 1-954 per million 1-809 per million 
Predicted (x*) ‘ee 1-796 per million 2-127 per million 1-630 per million 
Predicted (xy) — 1-244 per million 1-368 per million 1-396 per million 
Total Maternities 8,224,585 8,188,353 59,143,098 





* Predicted frequencies in column (6) are derived from the sum of the calculated number of multiple births at each maternal age group. 
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It was suggested by Jenkins (1927) that agreement 
between observed frequencies of multiple births and 
values predicted by Hellin’s law is closer if the calcula- 
tion is carried out separately for each maternal age group 
and the results then summed. In view of the variation 
of twin frequency with maternal age this modification 
is obviously desirable, but when applied to data for 
England and Wales, the inconsistencies revealed by the 
simpler treatment are not eliminated (Table II, col. 5). 

A similar examination of more extensive data collected 
by Greulich (1930) is also shown in Table II (col. c). 
Greulich’s original series, derived from birth statistics 
of 21 countries, is marred by the fact that nearly half 
the series was derived from births which occurred in 
Italy in the years 1872-1925. Greulich showed that these 
births were not representative and suggested that the 
statistics for the period 1872-1911 may have been faulty. 
The Italian data have therefore been excluded. Data for 
Bulgaria and Poland have also been excluded since the 
number of quadruplets is not known. Results derived 
from this series are similar to those noted for England 
and Wales. For quadruplet maternities there is reason- 
able agreement between the observed frequency and 
that predicted by Hellin’s law, but for triplet maternities 
the predicted frequency is greater than that observed. 
The product of the twin and triplet frequencies again 
gives a value for the quadruplet frequency considerably 
below the observed value. Since no details of maternal 
age are available for this series, Jenkin’s modification 
cannot be applied. 

The data for England and Wales have also been 
examined by the method of Jenkins and Gwin (1940). 
The results (Table Ill) compare at each maternal age 
group the observed proportion of like-sexed triplet sets 
with the values calculated by this method. That agree- 
ment is not close is obvious, but numbers are not large 
enough to justify the view that the discrepancies cannot 
be accounted for by chance. 


TABLE III 


PERCENTAGE OF TRIPLET MATERNITIES OF LIKE SEX 
ACCORDING TO MATERNAL AGE 
(ENGLAND AND WALES, 1938-1949) 





Under 
20 20- 25- 30- 35- 


Maternal Age 40 and 


Over 








55-56 52°42 48-65 44-22 43-59 45-95 


| Observed 
Percent- 
ages Calculated by 
method of 
Jenkins and 

Gwin 








71-62 57-78 | 48-08 43-03 40-13 46-62 





(b) Examination of the Proportion of Like-Sexed 
Litters in Quadruplet and Quintuplet Maternities.—A 
further reason for doubting the implications of Hellin’s 
law is provided by an examination of a series of 114 
quadruplet maternities, assembled from the following 
sources: 


(i) 29 sets born in England and Wales in the period 
1931-51, details of which have been published 
elsewhere (McKeown and Record, 1952). 

(ii) 26 sets collected from the literature (McKeown 
and Record, 1952). 
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(iii) Eleven sets recorded in the literature. (The eleven 
references are listed separately at the end of this 
paper.) 

(iv) 48 sets which occurred in the United States in 
the period 1915-30 (Hamlett, 1935). 

The sex distributions are shown in Table IV; 37-7 per 
cent. were like-sexed. By Hellin’s law, we should expect 
the frequency of quadruplet maternities to be (a + 5). 
Assuming that males and females are conceived in 
equal numbers we should expect the proportion of like- 
(ha | by? 


sexed sets to be bs By equating this expression 


(a 
with the observed value (0-377), we derive a value for b 
in terms of a which indicates that the proportion of twins 
which are monozygous is 44-5 per cent. This greatly 
exceeds any estimate so far recorded in Europe or the 
United States. 


TABLE IV 
SEX DISTRIBUTIONS OF QUADRUPLET MATERNITIES 














Source 
Sex England and a | Total 
ales (1915-30) Literature* 
(1931-1951) | (Hamlett, 1935) 

MMMM 4 13 3; | wo 

MMMEF 9 6 i 26 

MMFF 7 12 6 25 

MFFF 3 7 10 20 

FFFF 6 10 7 23 
Total .. 29 48 37. ~«| «+114 





* See text for details. 


In the same way, we can use data on the 45 quintuplet 
maternities assembled from the literature by MacArthur 
and Ford (1937). Of the forty sets of known sex, eight 
were entirely male and eight entirely female, the propor- 
tion of like-sexed sets therefore being 40 per cent. The 

sa + by} 

(a + b)* 
sion as before with the observed value (0-4), we obtain 
59-1 per cent. for the proportion of monozygous twins. 

The high incidence of like-sexed sets (quadruplets and 
quintuplets) could be accounted for if: 


(a) Most quadruplets and quintuplets were born to 
women at the extremes of the reproductive period. 


The data do not support this view. 


expected proportion is Equating this expres- 


(b) Pre-natal mortality of litters of unlike sex were 
greater than that of litters of like sex. 
No evidence on this point is available, but it is not 
easy to give any reasons for expecting a considerable 
differential mortality. 


(2) BIOLOGICAL.—We now consider the biological 
implications of the use of Hellin’s law. If the 


frequencies of dizygous and monozygous_ twin 
maternities are respectively a and h, the expected 
frequency of triplet maternities is (a + 5)? and of 
Assuming that 


quadruplet maternities (a + 5). 
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there is no differential pre-natal loss, we may infer 
from expansion of these expressions that poly- 
ovulation, polyembryony, and a combination of the 
two processes occur with predictable frequencies. 


(a) Polyovulation.—The above expressions imply 
that the frequencies of release of two, three, and 
four ova at one ovulation are respectively a, a’, 
and a®. From what is known concerning the endo- 
crine control of follicle maturation, it seems unlikely 
that polyovulation is the chance phenomenon 
indicated by these terms. The problem is further 
complicated by occasional liberation of two or 
more ova from a single follicle (Arnold, 1912). 
On the scanty evidence at present available, it is 
concluded that no judgment on the frequency of 
human polyovulation is yet possible. 


(b) Polyembryony.—Hellin’s law implies that the 
frequency with which two, three, and four embryos 
may develop from a single zygote are respectively 
b, b?, and 6b*. Consideration of the biological 
justification for these relationships may be assisted 
by a brief review of contemporary opinion on the 
mechanism of polyembryony in mammals. Four 
methods are usually described: 


(i) By cleavage of the developing ovum at the morula 
stage, each half giving rise to a separate embryo with its 
own chorion and amnion. Some idea of the frequency 
of this occurrence in man may be derived from the fact 
that a dichorial condition was found in three out of 
seven sets of identical twins by Curtius, and in five out 
of fourteen sets of identical twins by Lassen (cited by 
Newman, Freeman, and Holzinger, 1937). It is relevant 
to the present discussion to enquire whether a second 
cleavage of the morula, resulting in triplets, is possible. 
There seems to be no reason for rejecting this possibility 
on biological grounds, but until a series of sets of tri- 
chorionic identical triplets has been collected no opinion 
on the frequency of this phenomenon can be expressed. 


(ii) By fission of the inner cell mass of the blastocyst to 
produce two blastodisks, resulting in monochorionic 
diamniotic twins. There is little evidence that this process 
occurs in man, and still less that it may be repeated to 
form monozygotic triplets. 


(iii) By budding of the blastoderm. This process, 
demonstrated in Tatusia novemcincta (Patterson, 1913), 
is initiated by a thickening of the wall of the ectodermal 
vesicle at two points. Each of the two primary buds 
thus formed grows and gives rise to a pair of secondary 
buds. In the Texas armadillo, polyembryony ceases at 
this stage, so that four embryos (one from each bud) 
result. But in the South American armadillo it is pre- 
sumed that each of the secondary buds gives rise to two 
tertiary buds, eight embryos thus resulting from a single 
egg. In these species polyembryony is not a simultaneous 
process, but occurs in consecutive stages. The embryos 


at first share a common amniotic cavity, but subsequent 
proliferation of the amnion is extensive enough to invest 
each embryo, which therefore appears to be contained 
in its own amniotic sac. It is commonly believed that the 
origin of human monochorionic diamniotic monozygous 
twins can be explained in this way. It is presumed that 
in man the process usually ceases when two buds have 
been formed, but it is probable that, as in Tatusia, each 
bud has the capacity to originate a pair of secondary 
buds, thus leading to development of monozygous triplets 
and quadruplets. This suggests that the opportunity for 
further budding depends on the number of buds already 
present. It seems unlikely, therefore, that the terms 
b?, b*, etc., represent the frequencies of triplets, quadru- 
plets, etc., derived by this process. 


(iv) By longitudinal fission of the embryonic axis. 
This method has been advanced to account for situs 
inversus viscerum, conjoined twins, and other mono- 
amniotic twins. In view of the rarity of these conditions 
in man, it need not be considered further in this context. 


(c) Polyovulation associated with Polyembryony.— 
There appears to be no biological reason for sup- 
posing, even in normally monotocous animals, that 
polyovulation and polyembryony are mutually 
inhibitive. It is not unreasonable to assume, there- 
fore, that if two ova are liberated, diembryony 
may occur in each with the same frequency, as it 
would in a single ovum. The expression 2abh, 
derived from Hellin’s law for the frequency of 
dizygous triplets, appears at first sight to be accept- 
able. But this underestimates the frequency, since 
it represents only that of diembryony in a dizygous 
twin conception. Obviously dizygous triplets may 
result also from the random association of a further 
ovulation (frequency a) with monozygous twins 
(frequency 5), the frequency of this combination 
of events being ab. If, therefore, the twin frequency 
is a + b, the frequency of dizygous triplets may be 
expected to be 3ab. 


CONCLUSION 


This examination of Hellin’s law appears to 
justify three conclusions: 

(1) Predicted frequencies of multiple births do not 
approximate closely to observed values. 

(2) Development of the law to estimate the proportion 
of like-sexed litters gives results inconsistent with 
observed proportions. 

(3) There are biological grounds for doubting the 
implications of Hellin’s law. 

It may be considered that any attempt to derive a 
meaningful algebraic expression for the frequency 
relationships between litters of various sizes is 
unwise in the present rudimentary state of knowledge 





196 R. G. RECORD 


of the mechanism of polyovulation and _ poly- 
embryony. The temptation to obtain a reliable 
expression is great, since understanding of these 
phenomena would thereby be advanced considerably. 
But its formulation is hampered by lack of know- 
ledge of the sex ratio at conception as well as of the 
relation between pre-natal mortality rates and the 
size and type of litter. These difficulties are encoun- 
tered at the outset in derivation of monozygous and 
dizygous twinning rates by Weinberg’s differential 
method. As a first step in modifying Hellin’s law, 
therefore, attention may be directed most usefully 
to acritical examination of this method by comparing 
observed with predicted frequencies of monozygous 
and dizygous twin births. Physical methods of 
twin differentiation are now, perhaps, sufficiently 
advanced to permit this approach. 


SUMMARY 


According to Hellin’s law, if the frequencies 
of monozygous and dizygous twins are represented 
by a and b respectively, the expected frequency of 
triplets will be (a + 4)*, of quadruplets (a + 5), 
and of litters of size n, (a + 6)" '. Data for triplets 
and quadruplets born in England and Wales 
(1938-49) and for quadruplets and quintuplets 
collected from the literature are shown to be 
inconsistent with this hypothesis. Biological grounds 
are also advanced for doubting its validity. 


It is suggested that in the present state of biological 
knowledge an accurate expression relating the 
frequencies of multiple births is not possible. 
Solution of the problem may be furthered by a 
reliable estimate of monozygous and dizygous twin 
frequencies based on the physical examination of 
a large series of twin births. 
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INCIDENCE OF COMMON INFECTIONS OF CHILDHOOD 


BY 


B. BENJAMIN and A. T. GORE 


From the Public Health Department, London County Council 


In this study of the incidence of infectious disease 
in childhood, reference has been made to three main 
sources of information on morbidity: 

(1) notifications made to the local sanitary authority by 
medical practitioners where such diseases are notifiable. 

(2) pre-admission histories obtained from patients 
admitted to L.C.C.* fever hospitals in 1938.+ 

(3) reports from L.C.C. schools of causes of absence of 
pupils. 

All three sources are limited, the first as to scope 
of diseases, the second as to time, and the third as 
to age coverage and degree of completeness in 
reporting (especially during the war years, 1939-45, 
which have been ignored). Mortality is referred to 
where the figures are of interest. The diseases studied 
are dealt with in the following order: chicken-pox, 
diphtheria, german measles (rubella), measles, 
mumps, whooping cough, scarlet fever. 

CHICKEN-Pox.—A sample of hospital admissions 
in 1938 gave the figures in Table I for patients 
admitted with diseases other than chicken-pox. 


TABLE I 


INCIDENCE OF CHICKEN-POX IN HOSPITAL ADMISSIONS, 
BY SEX, 1938. 





MALE FEMALE 


Patients with History 
of Chicken-pox 


Patients with History 
Age sy of Chicken-pox Total 














Oos- es 2 annual Hos- See ae 

pital Gradu-  Pital Gradu- 
Ad- No. Per ated Per-- A4- No. Per ated Per- 
mis- cent. centage | ™!S- cent. | centage 
sions t sions 

0 358 2 0-6 0-3 316 3 0-9 0-3 

l 406 16 3-9 2-4 366 13 3-6 2:7 

2 358 30 8-4 6°3 415 33 8-0 7-2 

3 253 32 12-6 11-6 253 42 16-6 12-9 

4 198 36 18 -2 17-6 163 36 22-1 19-1 

5 145 30 20-7 23-7 177 39 22-0 25-1 

6 137 43 31-4 29 -4 116 42 36-2 30-3 

7 90 30 33-3 34 +3 79 21 26 -6 34-4 

8 60 23 38 -3 38 +3 50 20 40-0 37-4 

y 55 27 49-1 41-3 57 23 40-4 39-5 

10-14 172 72 41-9 45-8 124 51 41-1 42-0 

15 — — — 46-9 —_— — — 42-4 





t Crude percentages were fitted to a curve of the form 
yv=a(l—e- ¢x*), Where y = percentage, x = age, and 
a and ¢ are constants. 


Table I indicates that about one-fifth of all 


* London County Council. This body governs the inner ring of the 
London Urban Area, which is defined as the Administrative County of 
London, sometimes abbreviated as London A.C. 

t+ These histories have been tabulated and utilized on the assumption 
that the histories of disease X in patients admitted for disease other 
than X would be typical of the pre-war school population. 


children contract chicken-pox before the age 
of 5, and a further quarter between the ages 
of 5 and 15. 


The percentage curve is rising very slowly at 14, and 
extrapolation suggests an asymptotic limit at a little 
below 50 per cent., so that about one-half of the 
population never has chicken-pox. The incidence 
seems to be a little lower at first in boys than in girls, 
but it is ultimately slightly higher. 


Reported absences from what were formerly 
known as elementary schools in London for chicken- 
pox from 1926-1938 were very stable from year to 
year and have therefore been averaged in groups of 
years (Table I1). 














TABLE II 
L.c.C. SCHOOL ABSENCES FROM CHICKEN-POX, 
1926-38. 
Annual Attack Rate per 

Period Mean Annual Cases cent. of School Roll 
1926-30 13941 ©= 223. 
1931-35 11,266 2 -02 
1936-38 9,903 2-16 





This attack rate suggests a total incidence during 
school life of 10 * 2-2 (22 per cent.), which is 
consistent with the histories obtained from hospital 
patients. Thus the school reports appear to be 
reasonably complete. On the other hand, it has been 
claimed that, among entrants to English public 
boarding-schools in 1930-34 (School Epidemics 
Committee, Spec. Rep. Ser. med. Res. Coun., No. 227, 
1938), 66-6 per cent. of boys and 57-1 per cent. of 
girls had suffered an attack (i.e. before the age of 10). 
These are much higher proportions than those shown 
by L.C.C. records. This is less likely to be due to 
under-reporting in L.C.C. schools, than to the fact 
that public-school children spend many of their 
earlier years at residential preparatory schools with a 
different exposure and immunity experience. It 
appears that the data used by the School 
Epidemics Committee are derived from a very select 
population. 


Since 1945 the school reports have been as shown 
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in Table III, which indicates that the pre-war attack- 
still rate applies. 

TABLE III 
L.C.C. SCHOOL ABSENCES FROM CHICKEN-POX, 1946-50. 





Per cent. of School Roll 





Year Number 

1946 5,602 1 -67 
1947 7,423 2:11 
1948 7,745 2 -08 
1949 5,528 1 -46 
1950 7,773 2 -04 





Although death from chicken-pox is rare, the 
disease does occasionally appear on death certificates 
as the cause of death. Deaths in London Administra- 
tive County pre-war and post-war have been (total 
for quinquennia): 














Age 
Period 
0-14 15 and over 
1935-39 17 — 
1945-49 2 | 1 





There is a pronounced seasonal swing in incidence, 
which is minimal in September immediately after 
the summer holidays (50-60 cases a week in 1950), 
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FiGure.—Notifications of diphtheria in London A.C., 1931-1950, and 
percentage of patients not immunized. 


rises rapidly during October, and reaches a peak in 
December (350 cases weekly). Thereafter the figures 
decline slowly and irregularly as the effect of local 
outbreaks is felt. 


DIPHTHERIA.— Notifications corrected for diagnosis 
have been available only since 1944 (Table IV). 
Since then the corrections factor has been fairly 
stable and this has been applied to the earlier un- 
corrected figures to obtain continuity (see Figure). 

TABLE IV 
NOTIFICATIONS OF DIPHTHERIA, LONDON A.C., 1931-50. 











Uncorrected Corrected 
Year Number Year | Number Year Number _ 
1931 | 8,384 | 1938 7,611 1944 | 758 
1932 | 8,087 1939 3,671 1945 | 801 
1933 9,557 1940 1,844 1946 747 
1934 | 11,782 1941 2,179 1947 451 
1935 | 9,294 1942 1,813 1948 335 
1936 7,030 1943 1,862 1949 221 


1937, | 7,810 | o— — 1950 87 


















\. PERCENTAGE 40 
(5-14)NOT 


The attack rate for ages 0-4 has fallen from 6°04 
per 1,000 in 1931 (estimated corrected) to 0-07 per 
1,000 in 1950, and the rate for ages 5—14 has fallen 
from 3-58 in 1931 to 0-13 in 1950. 


Table V (opposite) shows 
that the incidence differs slight- 
60 ly in the two sexes. 

50 In 1938, hospital records 
treated in the same way as for 
30 chicken-pox indicated that 6 
29 per cent. of the population 
were attacked before the age 
of 5, and a further 7 per cent. 
10 between the ages of 5 and 15. 
On the other hand, the 1931 
‘corrected’ notification rates 
quoted above would be con- 
sistent with percentages at 
corresponding age periods of 
3-0 and 3-6. If uncorrected 
notifications are used, the 
percentages become 5-0 and 
6:0, and it appears therefore 
that, in giving medical histories, 
parents regarded admission to 
hospital for suspected diph- 
theria as sufficient evidence of 
contraction of the disease. 
Parents would remember the 
fact of hospital admission more 
clearly than any correction of 
diagnosis and the error of 
diagnosis was 26 per cent. 
(L.C.C. Annual Report, 1937). 
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TABLE V 


NOTIFICATIONS OF DIPHTHERIA, ‘BY SEX, LONDON A.C., 
1936-38 AND 1946-48. 














MALE FEMALE 
Period Age 
Notifications Per 1,000 Notifications Per 1,000 
living living 
1936-38 0- 157 1 -92 113 | 1°41 
* 1-2 890 5-88 | 675 ' 4-55 
3-4 1,336 9-32 | 1,154 8-10 
5-9 2,605 6°15 | 2,783 6 -68 
10-14 717 1-73 919 2-24 
15S and 
over 591 0-13 | 1,509 0-28 
1946-48 o- 27 0-27 10 0-10 
1-2 132 0-72 86 0-49 
3-4 121 0 -93 110 0 -88 
5-9 244 0 -87 194 0-71 
10-14 87 | 0-33 96 0-37 
1S and ! 
over 143 | 0-04 283 0 -06 





* Crude notifications adjusted by estimated correction for 
error of diagnosis. In so far as the correction factor is based 
on total notifications, it may not be strictly correct to assume 
that this factor applies equally to individual age or sex 
groups. The comparison is in fact being made on crude 
notifications and the correction has only the effect of making 
the rates comparable with 1946-48 levels. 


On the whole there is no reason to suspect under- 
notification of a disease in regard to which 
practitioners have been encouraged to err on the 
side of over-notification. 

The school figures of Table VI, indicating an 
average annual rate of 0-78, would suggest that 
10 « 0-8 (8 per cent.) contracted the disease between 
the ages of 5 and 15, which agrees fairly closely with 
the figures derived from histories of hospital patients. 


TABLE VI 
L.C.C. SCHOOL ABSENCES FROM DIPHTHERIA, 1926-38. 





Annual Attack Rate per 











Period Mean Annual Cases cent. of School Roll 
1926-30 TT 0 B4 
1931-35 4,152 0-75 
1936-38 3,500 0-76 





The School Epidemics Committee (1938) did not 
enquire into the past history of pupils with regard to 
this disease and no comparative figures can be given. 

With regard to mortality, it is sufficient to record 
that in 1950 there were only four deaths, all among 
infants who had not been previously immunized. 
With such reduced incidence as now obtains, any 
seasonal fluctuation in the incidence of diphtheria has 
largely disappeared and sporadic cases occur 
throughout the year at a fairly uniform rate. 


GERMAN MEASLES (RUBELLA).—This disease is not 
notifiable in London A.C. It has only been separated 
from measles in the school reports since 1936. 

Pre-war and post-war figures are compared 
Table VII. There have occasionally been severe 


outbreaks, as in 1944 when 8,374 cases were reported 
from schools. Heavy outbreaks appear to have 
occurred also in 1933 and 1940 though no figures of 
incidence can be given. 


TABLE VII 


L.C.C. SCHOOL ABSENCES FROM RUBELLA, 
1936-38 AND 1946-50. 





Mean Annual Cases Annual Attack Rate per 





Period Reported from Schools cent. of School Roll 
1936-38 1,448 0-31 
1946-50 607 0-17 





Histories taken from L.C.C. hospital patients in 
1939 are shown in Table VIII. 




















TABLE VIII 
INCIDENCE OF RUBELLA IN HOSPITAL ADMISSIONS, 
BY SEX, 1938 
MALE FEMALE 
Total Patients with History Total | Patients with History 
Age Hos- of Rubella Hos- of Rubella 
pital ——— ———_ — pital ——— —_—___ 
Ad- Gradu-, Ad- Gradu- 
mis- No. Per ated per- mis- No. Per ated per- 
sions cent. centage sions cent. centage 
0- 392 — — — 315 2 0-6 — 
1- 431 8 1-9 0-4 378 7 1-9 0-2 
2- 408 9 2-2 0-9 442 10 2°3 0-4 
3- 283 9 3°2 1-7 281 8 2°8 0:8 
4- 226 10 4-4 2-6 185 5 2:7 1-3 
5- 160 4 2°5 3-4 200 7 3°5 1-8 
6- 151 5 3-3 4-2 132 3 2-3 2°5 
7- 108 8 7-4 4-9 90 1 1-1 3-1 
8- 84 4 4°8 5-4 58 4 6°9 3-8 
9- 68 4 5-9 5-8 59 3 5-1 4-4 
10-14 175 6 3-4 6°4 132 2 1-5 6:1 
15 exact 6°5 72 





The crude data were irregular and the fitted curves 
are not satisfactory even though the data at the ages 
of 10-14 have been ignored. The increase in those 
with histories between the ages of 5 and 15 of some 
4 per cent. (both sexes combined) would suggest an 
annual attack rate in the school population of 
(4—10) per cent. which agrees fairly well with the 
observed rate of 0-31. 

The School Epidemics Committee (1938), however, 
found that, of pupils (mostly over the age of 10) 
entering public boarding-schools, 28-6 per cent. of 
boys and 22-1 per cent. of girls had had attacks of 
german measles. These figures are much in excess of 
the corresponding percentage (about 6 per cent.) for 
the hospital population. It is quite likely that, since 
before 1938 many cases of german measles in the 
general population would not have been brought to 
medical attention, and since the disease is notorious 
for the frequency with which it is misdiagnosed, the 
hospital histories considerably underestimate the 
frequency of attack. On the other hand, in the 
schools observed by the School Epidemics Commit- 
tee, quite heavy outbreaks of german measles took 
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place and it may well be that the number of suscep- 
tibles was underestimated; furthermore (as with 
chicken-pox), the School Epidemics Committee data 
were selective, many children having already attended 
residential preparatory schools. 


Careful questioning by school doctors in a random 
sample of 153 5-year-old infants entering school in 
London A.C. in 1951 revealed histories of german 
measles in 7-2 per cent.; and in a sample of 151 
11-year-old children, 13-2 per cent. gave a history 
of attack. 


Clearly the disease is under-reported from schools. 
It seems from other evidence that perhaps one-sixth 
of children may expect to be attacked before the age 
of 10. There is a suggestion that boys are attacked 
relatively more frequently than girls, the ratio being 
about 4: 3. 


In London A.C. no deaths have been assigned to 
german measles for 17 years; there were four deaths 
in 1933 (three under the age of five), and one in 1934; 
but none has been recorded in any subsequent year. 


MEASLES.—The disease has been notifiable in 
London A.C. since October, 1938. Before that time 
school reports were available, but detailed examina- 
tion (Breen and Benjamin, 1949) indicated that only a 
small proportion of frank cases (perhaps little more 
than one third of those which would have been notifi- 
able if the disease had been subject to notification and 
if the present level of medical attention were available) 
was reported from schools. The histories of hospital 
patients in 1938 indicated that 72 per cent. were 
attacked by the age of 10, after which age attacks 
were rare. 

On a ‘notifiable’ basis it has previously been 
estimated by Breen and Benjamin (1949) that in 
1931-38 the average annual number of cases in 
London was 46,500, with an annual rate of 5-2 per 
cent. in persons under the age of 15. Such a rate 
would indicate that 15 x 5-2 (78 per cent.) were 
attacked by the age of 15, a little higher than the 
incidence suggested by hospital histories. The 
calculations of Stocks and Karn (1927) in St. Pancras 
indicated that 70 per cent. of the population had 
had measles before the age of 10. The School 
Epidemics Committee found attack rates of 72-5 per 
cent for boys and 63-1 per cent. for girls entering 
public boarding-schools. 

Before the war of 1939-45 there had been a regular 
biennial periodicity in the occurrence of measles 
epidemics. Every two years incidence rose sharply 
in October or November, reached a maximum in 
March or April, and thereafter fell by June or July 
to a low interepidemic level. Thus, apart from a 


slight increase of prevalence at the end of the follow- 
ing winter, incidence was low for an intervening 
period between epidemics of some 16 or 17 months, 
On the outbreak of war in 1939 evacuation move- 
ments disturbed the normal rhythm and the biennial 
epidemics were replaced by less extensive outbreaks, 
An epidemic rise in notifications occurred at the 
beginning of every year (sometimes in the preceding 
December) from 1941 to 1949. The average annual 
number of notifications in 1946-49 (to select a 
period of more stable population) was 24,939, 
with an annual attack rate of 3-86 per cent. under 
the age of 15. This rate is consistent with notifica- 
tion of 58 per cent. of children before the age of 
15 (55 per cent. when age specific rates are taken into 
account). The corresponding figure at the 1931-38 
rate is over 70 per cent. 

Since 1949 there have been signs of further change. 
Recent notification figures for London A.C. are 
given in Table IX. 





TABLE IX 
NOTIFICATIONS OF MEASLES, LONDON A.C., 1946-51. 
1946... sis rs a a = eS - 22,846 
1947... Ss a ee ra SS es - 17,486 
1948... ‘eo a ne = “ i iA 30,608 
1949... me ee ce oe io x is 28.816 


1950.. ce a — a ie Phe ha 22,282 
1951 (provisional) as - _ i 





The winter incidence of 1949-1950 (expected on 
the basis of the post-1940 annual rhythm) was very 
late. Notifications were at a minimal level through- 
out January to March (60 per week) and began to rise 
steadily in April, reaching 600 per week in June. 
This level was maintained with only minor fluctua- 
tions (a flat tableland in the epidemic curve) until the 
normal refractory period of August and September, 
when notifications fell to 150 a week by mid- 
September. Almost immediately, however, a rapid 
rise in notification took place to 500 a week at the 
beginning of November, 1,900 at the end of the year, 
over 2,200 a week in January, 1951, and a peak of 
3,750 in the third week of February (twice as high as 
the highest peak in any year since 1940). Thereafter 
notifications gradually declined to 2,000 in the first 
week of April, and 870 in the first week of May. 
Whether or not this irregularity signifies the resump- 
tion of biennial periodicity cannot yet be determined. 
The 1950-51 pattern for London is more in keeping 
with observations, eslsewhere in England and Wales. 

For the post-war years, 1946-51, we obtain the 
mean annual age-sex specific notification rates 
(1951 figures are provisional) given in Table X. 

These rates are consistent with notifications of 
63-5 per cent. for boys and 63-9 per cent. for girls 
before the age of 15. There is a slight female excess 
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TABLE X 


MEAN ANNUAL MEASLES NOTIFICATION RATES 
PER CENT., BY SEX, LONDON A.C., 1946-51. 











Age Male Female Total 
a 2-04 2-12 i 2-08 
1-2 6 66 6-50 6-58 
3-4 10-14 9-99 10 -06 
5-9 5 +34 5 -46 5 -40 
10-14 0-23 0-29 0-26 
15 and over 0 -02 0-03 0 -02 

~ Total 0-94 0-79 0-86 





in the first year of life, a small male excess in the 
next 4 years, and a female excess again at the older 
ages. In the national figures (Stocks, 1949), the female 
excess is well marked in the first year of life and again 
after the age of 10, but between the ages of | and 10 
there is little difference in the rates for the two sexes. 
The fact that the ‘all ages’ rate is so much higher for 
males than for females is due to the excessive weight 
given to adults in the female age distribution. 


The most striking feature of measles experience 
has been the fall in mortality. The decline of deaths 
(per cent. of notified cases) in London A.C. is shown 
in Table XI. 


TABLE XI 
MEASLES FATALITY RATES, LONDON A.C., 1921-50. 





Period or Year 


Deaths per 100 Cases 





1921-25 1 -43 


1926-30 1-21 
1931-35 0-92 
1936-40 0-51 
1941-45 0-20 
1946 0-09 
1947 0-13 
1948 0 -085 
1949 0 -056 


1950 0 -018 (4 deaths) 





Mumps.—Munpps is not notifiable in London A.C. 
School reports of the pre-war and post-war incidence 
are shown in Table XII. 











TABLE XII 
L.C.C. SCHOOL ABSENCES FROM MUMPS, 1931-1950. 
° | 1 
Period =| | Average Annual Attack 
or | Average Annual Number Rate per cent. of 
Year of Cases School Roll 
1931-35 8,369 1-50 7 
1936-38 7,146 1-54 
1946-50 5,410 1 -48 
1946 5,296 1-58 
1947 | 2,845 0-81 
1948 9,162 2 -46 
1949 2,113 0-56 
1950 7,638 2-01 





Since 1931 the incidence of mumps seems to have 
been relatively stable when expressed as an average 


annual rate, but this average conceals considerable 
variation from year to year, as is demonstrated by 
the cases reported in individual years 1946-50. 


There is no constant rhythm, though quite often 
years of high incidence seem to alternate with years 
of low incidence. Incidence is maximal in the late 
autumn and minimal in the late winter (February), 
and there is also a recession for a few weeks after 
the summer closing of schools. There is no sharp 
outbreak at any particular point of the year. The 
lowest weekly number of cases in 1950 was 34 and 
the highest 415. 


The 1938 hospital data indicated that the 
experience of boys and girls was similar up to the age 
of 7, but that beyond that age incidence was higher 
in boys than in girls. Some 10 per cent. of children 
of both sexes are attacked before the age of 7, but 
some 20 per cent. of boys aged 15 have been attacked 
as compared with only 11 per cent. of girls. The 
L.C.C. school reports indicate that 15 per cent. of 
all children are attacked between the ages of 5 and 
15. This is a higher estimate than the 9 per cent. 
which is obtained by taking both sexes together in 
the hospital data. The School Epidemics Committee 
(1938) found that, of entrants to public boarding- 
schools, 32-5 per cent. of boys and 21-9 per cent. of 
girls had a history of mumps. These percentages are, 
for reasons already stated, probably higher than those 
applicable to day-school children in general, but they 
show the same kind of excess for boys as that 
exhibited in the hospital data. 


Logan (1951), and the basis of Social Survey data, 
estimates that “perhaps a quarter of boys and a 
third of girls will have had mumps by the age of 15”’. 
This information, elicited by non-medical inter- 
viewers, shows a sex difference the reverse of that 
indicated by the School Epidemics Committee data, 
and L.C.C. hospital histories show much higher rates 
for girls than those found by the School Epidemics 
Committee. Logan (1951) also quotes a personal 
communication from Bransby, who found from 
school absence data that 45 per cent. of children 
are attacked before the age of 12. Clearly there is a 
wide range of estimates from which to choose. 


Death is very rarely attributed to mumps. Since 
1931 in London there have been seven deaths under 
the age of 15, and six over that age. Five of those 
under the age of 15 occurred in the triennium 
1934-36. 


WHOOPING CoUGH.—Precise details of the pre-war 
incidence of whooping cough are not available, as 
the disease was not made notifiable until 1938. 
Notification rates for London A.C. by sex and age 
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groups for the years 1946-50 are shown in Table XIII. 


TABLE XIII 
NOTIFICATIONS OF WHOOPING COUGH, BY SEX, 











NDON A.C., 1946-50. 
Male Female 
Age Mean Mean 
Annual Per cent. | Annual Per cent. 
Notifi- of Notifi- of 
cations Population cations Population 
0-1 553. —s«1:' 65 531 1 -67 
1-2 1,226 1-99 1,324 2°27 
3-4 1,117 2 °57 1,301 3-14 
5-9 1,098 1-17 1,309 | 1-44 
10-14 | 39 0 -04 49 0 -06 
15 and over , 20 0 -002 66 0 -004 





These figures indicate that the disease is primarily 
one of infancy and pre-school life, and that its inci- 
dence is negligible after the age of 9; more detailed 
figures show that a rapid decline in incidence 
begins at the age of 5. From the age of one year, 
incidence is higher in girls than in boys. L.C.C. 
school figures of reported cases of whooping cough 
originated in 1913. The mean annual cases per 
cent. of the school population in quinquennia since 
1921 are shown in Table XIV. 


TABLE XIV 
L.c.cC. SCHOOL ABSENCES FROM WHOOPING COUGH, 
1921-50. 











Period Cases per cent. of School Roll 
1921-25 1 -43 
1926-30 1-17 
1931-35 1-35 
1936-40 1 -27 
1941-45 0-96 
1946-50 0 -86 





That there is a certain amount of under-notifica- 
tion is suggested by a comparison of the school 
figures with the notification rates for the ages of 
5 to 14 years. The actual numbers of notifications 
and reported cases from schools for the period 
1946-50 were: Notifications, 12,473; Cases reported 
from schools, 15,625. Under-notification is probably 
even greater than these figures suggest, since the 
school figures exclude holidays. 

Hospital histories are given in Table XV. These 
figures do not agree with the notification rates. They 
relate to different periods, but, even allowing for a 
decline of 30 per cent. in incidence (based on school 
mean annual rates of 1-27 per cent. in 1936-40 and 
0-86 per cent. in 1946-50) since 1938, the notification 
figures are still too low. On the other hand, if the 


school mean annual attack rate of 1-27 per cent. 
for the late 1930s be accepted as comparable with 
the 1938 hospital histories (which give an attack rate 
during ten years of school life of 12-7 per cent.), then 
this is fairly consistent with the increase in the 


TABLE XV 


INCIDENCE OF WHOOPING COUGH 
IN HOSPITAL ADMISSIONS, BY SEX, 1938. 





——— 


| 
MALE | 




















FEMALE 
Total Patients with History | Total | Patients with History 
Age | Hos- of Whooping Cough | Hos- | of Whooping Cough 
pital — —| pital | — 

Ad- ‘Gradu- | Ad- Grade. 

| mis- No. Per (ated per- mis- | No. | Per ated per- 

| sions cent. centage sions | cent. | centage 
0- 378 8 2:1 0-5 317 4 1-3 0: 7 
1- 416 31 7°5 4-0 362 36 9-9 5-8 
2- 4l1l 59 14-4 10-0 422 53 12-6 13-4 
3- 276 55 19-9 16-9 258 57 | 22:1 22-7 
4- | Zan 60 27:1 23:1 186 67 36-0 29 +8 
5- 172 | 46 26-7 27°8 205 63 | 30-7 34-4 
6 163 58 35-6 30-9 138 60 43-5 | 370 
7- 116 45 38-8 32-7 96 30 31-3 38 +2 
8- 87 30 «34-5 33-5 63 25 39-7 38-7 
9- 71 23 | 32% 33-9 64 24 37-5 | 38-9 
10-14 186 59 31-7 34:1 142 58 40-8 38 -9 
15 34:1 38-9 





graduated percentages between the ages of 5 and 15 
of the hospital histories. Such agreement suggests 
that the figure of annual cases reported from schools 
is a fairly satisfactory index of the level of incidence 
in schoolchildren. On this assumption it is fair to 
scale down the 1938 hospital history figures by 
30 per cent. to bring them into line with the present 
level of incidence and so give an estimate of the 
probable attack rate from whooping cough. This is 
done in Table XVI, where the 1938 figures are com- 
pared with the 1946-50 notification figures. 


TABLE XVI 


1938 HOSPITAL HISTORY GRADUATED PERCENTAGES 
SCALED DOWN BY 30 PER CENT. AND EXPECTED HISTORY 
BASED ON NOTIFICATION FIGURES FOR 1946-50, BY SEX. 














| Male Female 
Hospital Hospital 
r° Histories for Expected from) Histories for Expected from 
| eee y 1946-50 1938 x 20 1946-50 
. ee oa Notifications | 100 Notifications 
per cent. per cent. per cent. per cent. 
O- 0-4 1-7 0-5 1-7 
I- | 2°83 4-0 
2- 7-0 ' 9-4 . 
3 | ms 36 15-9 6:2 
— 2 20-9 
— | we 108 24-1 125 
6— 21-6 25-9 
7- 22 9 26-7 
8s 23-5 27:1 
— | 7 27 -2 
10-14 39 16 6 27-2 19-7 
5 23-9 16°8 27 -2 20 -0 





These estimates however still appear to be too low. 
Stocks (1949) has suggested that between one-quarter 
and one-fifth of children with whooping cough are 
notified. This suggestion is based on a comparison 
of local surveys dated about 1930 (which indicated 
that about 60 per cent. were attacked by the age of 
10) with the 1944-47 national notification data 
estimate (13-15 per cent. by the age of 15). It was 
assumed that incidence had not substantially 
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declined. However our school data show a decline 
in incidence between 1920-30 and 1950 of about 
40 per cent., and the local survey figures referred to by 
Stocks should be reduced by that amount to give an 
estimate of only 35 per cent. attacked by the age of 
10. Under-notification is therefore perhaps not so 
extensive as Stocks was led to suggest; probably 
over one-half of all cases are notified. Nevertheless 
the adjusted estimates based on hospital data are 
clearly too low. It appears likely that 25 per cent. 
of children are attacked by the age of 5, and 35 per 
cent. by the age of 15. 

The School Epidemics Committee (1938) gives 
proportions of 70 per cent. for boys and 67 per cent. 
for girls as having had an attack of whooping cough 
before entry to public boarding-schools. These rates 
are apparently excessive, and confirm, as has been 
remarked earlier, that the children attending public 
schools are drawn from a select population. 

It is often suggested that whooping cough shows 
both seasonal and epidemic periodicity, but this 
does not allow of any simple treatment. 

Mortality from whooping cough has, like measles, 
shown a sharp decline in the past 20 years 
(Table XVII). 


TABLE XVII 


LONDON A.C. MORTALITY FROM WHOOPING COUGH 
PER 1,000 OF POPULATION, BY SEX, 1931-48. 





MEAN ANNUAL RATES 











Period * Male Female 
Under 1-4 Under 14 
I year years I year years 
1931-33 2:24 2 | 64 2-51 0-81 
1936-38 2 -02 0 -36 2°27 0-49 
1946-48 0 -63 0-09 0 -60 0-10 





The well-known sex difference in mortality is 
exhibited for the period 1931-38, but not for 1946-48. 
Case-mortality ratios are not calculated owing to 
the absence of data on pre-war incidence. The de- 
cline in mortality has been much greater than the 
decline in incidence. 


SCARLET FeveR.—The annual incidence of notified 
cases of scarlet fever in London A.C. is shown in 
Table XVIII. 


TABLE XVIII 
NOTIFICATIONS OF SCARLET FEVER 
PER 1,000 POPULATION (ALL AGES), LONDON A.C., 1931-50. 





Year "Tee Year af Year a Year a 
1931 2-73 1936 2-55 1941 1 -00 1946 1-42 
1932 3-26 1937 2-07 1942 1-84 1947 1-31 
1933 5-11 1938 2 -00 1943 3 -80 1948 1-37 
1934 4-32 1939 1-51 1944 1-57 1949 1 -46 
1935 2-63 1940 | 0°81 1945 1 -57 1950 1 -23 





Goodall and Washbourn (1908) say that: 

The second quinquennial period of life furnishes the 
largest number of cases . . . the fourth is the year of 
highest susceptibility. Children under a year old are not 
very prone to take scarlet fever. 

That these general observations held good in more 
recent times is borne out by the histories of hospital 
patients in 1938, which indicated that | per cent. 
were attacked by the age of 2; 7 per cent. by the age 
of 5; and 20 per cent. by the age of 10, with only a 
gradual increase beyond this age. 

The rates in Table XIX for 1936-38 are much 
lower than would be suggested by hospital histories. 
It may be that parents recall illnesses suggestive of 
scarlet fever although the illnesses were not notified. 
Stocks (1949) considered notification to be complete, 
and deduced that 10 per cent. of children suffer a 
notifiable attack before the age of 15. L.C.C. report 
figures are given in Table XX. 


TABLE XIX 
SCARLET FEVER NOTIFICATION RATES, 
LONDON A.C., BY SEX, 1936-38 AND 1946-50. 








Male Female 
Period Age Mean Per cent. Mean Per cent. 
Annual of Annual of 
Cases Population Cases Population 
1936-38, 0- 39 0-14 37 0-14 
!- $27 1 -04 482 0 -97 
3- 851 1-78 823 1-73 
5- 1,640 1-16 1,911 1-38 
10- 579 0 -42 694 0°51 
15 and 
over 576 0 -04 927 0-05 
1946-50, 0- 13 0 -04 10 0-03 
; I- 256 0-42 190 0-33 
3- 474 1-09 435 1-05 
5- 1,020 1 -09 1,129 1-24 
10- 271 0°31 375 0 -44 
15 and 
over 134 0-01 214 0-01 
TABLE XX 


L.C.cC. SCHOOL ABSENCES FROM SCARLET FEVER, 
1936-38 AND 1946-50. 





| 
Annual Attack Rate 








Period Mean Annual Cases per cent. of School Roll 
1936-38 4,246 0-92 
1946-50 1,998 0-55 





Allowing for a 10-year school life with a total 
attack rate of 10 x 0-92 (9-2), the school figure for 
1936-38 is lower than that indicated by hospital 
histories for the ages of 5 to 15 years in 1938. It may 
be that the hospital histories overstate the incidence. 
The position today would appear to be that 4-5 per 
cent. of children are attacked by the age of 5, and 
10-12 per cent. by the age of 15. 

The School Epidemics Committee (1938) found that, 
of boys and girls entering public boarding-schools, 
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8-3 per cent. of boys and 7-1 per cent. of girls had 
a history of scarlet fever. 


The incidence of scarlet fever is higher in males 
than in females up to the age of 3, after which it is 
higher in females. The disease now rarely causes 
death; in 1950 there were only four deaths from 
scarlet fever or streptococcal sore throat in London 
A.C. There is a seasonal swing which varies in degree 
from year to year; there is some diminution in inci- 
dence in August and September and often a heavier 
than average incidence in the late autumn and early 
winter months. 


SUMMARY 


(1) The incidence of common infections of child- 
hood, as variously indicated by school reports, 
hospital histories, and statutory notifications, are 
reviewed in order to give a measure of the risk of 
infection during pre-school and_ school life. 
Statistical deficiencies are discussed. 


(2) The estimated proportions (per cent.) of child- 
ren at the ages of 5 and 15 years who will have 
previously experienced an attack of each disease 
studied are as follows: 

















Percentage of Children Attacked 
Disease —— 
| By the age of 5 yrs| By the age of 15 yrs 
Chicken-pox. . ws - 20 45 
Rubella io sa ae 7 15 
Measles a dia oe 35 65 
Mumps ini ae ia 10 15-30 
Whooping cough .. sr 25 35 
Scarlet fever. . ae “s 4-5 | 10-12 
Diphtheria ‘ The incidence is now so sporadic 


as to preclude a reliable estimate. 





We are grateful to Sir Allen Daley, lately County 
Medical Officer of Health, for encouragement in the 
preparation of this paper; to Dr. G. E. Breen, formerly 
epidemiologist in the Department, who first suggested 
that this study should be made; to Dr. Ian Taylor, 
epidemiologist, for criticism; and to Mr. C. A. Gould for 
valuable help in the calculations. 
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